1. INTRODUCTION 


1.1. SUMMARY 


The Rockwell C29/C39 Microcontroller (MCU) is a complete 8-bit microcontroller fabricated on a single 
chip using a twin tub 1.04 CMOS silicon gate process. The C29/C39 MCU complements an industry 
standard line of R6500 and R65C00 microprocessors, as well as R6500*/, R65CXX, and C19 
microcomputers, and their compatible peripheral devices. The C29/C39 has a wide range of controller 
applications where high 8-bit performance, minimal chip count and low power consumption are required. 


Note: The capabilities and architecture of the C29 and C39 MCU are similar and, in many cases, 
identical. Additional capabilities may also be added to new versions. The terms "MCU" or "C29/C39" are 
used with reference to features and capabilities common to the C29, C39 and any derivative 
microcontrollers described in this document. Terms like "C29" and "C39" are used with reference to 
features unique to a specific microcontroller. 


Features common to the C29 and the C39 include an enhanced 6502 Central Processing Unit (CPU), 8k 
bytes of mask programmable read only memory (ROM), 1k bytes of random access memory (RAM), two 
16-bit counter/timers, two 17-bit precision timing generators, an asynchronous/synchronous USART port, 
a 16-bit cyclic redundancy check (CRC), a 16-bit address/8-bit data expansion bus, 8 bank select 
registers for flexible memory banking control, and up to 40 general purpose input/output ports. Thirty two 
1/O lines can be assigned to special purpose functions under software control. 


The C29 provides a 16-byte dual port RAM host interface which can emulate a 16450 UART or be used 
for general purpose scratch pad. 


The C39 provides an enhanced 16-byte dual port RAM with 16-byte FIFO and DMA control which can 
emulate a 16450 or 16550A UART interface or be used for general purpose scratch pad. In addition, the 
C39 provides an ultra-low active Stop made. 


The innovative architecture and the demonstrated high performance of the R65C02 CPU, as well as 


instruction simplicity, result in system cost effectiveness and a wide range of computational power. These 
features make the C29/C39 a leading candidate for low power single chip microcontroller applications. 
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1.2. FEATURES 


* Single-chip microcomputer 


Enhanced R6502 CPU 

8k bytes internal read-only memory (ROM) 

1024 bytes internal random access memory (RAM) 

Two 16-bit counter/timers 

Two 17-bit precision time generators 

Universal asynchronous/synchronous receiver transmitter (USART) 
Host bus interface for 16450 or scratchpad RAM interface (C29) 


Host bus for interface 16450/16550A or scratchpad RAM interface with 16-byte FIFO and 
DMA 


Eight levels of prioritized, vectored interrupts 
10 MHz operation 

Low power sleep mode 

Ultra-low power stop mode (C39) 


* Enhanced R6502 CPU 


12 new bit manipulation and branching instructions to shorten code and speed up 
execution 


21 new arithmetic processing instructions to optimize arithmetic processing 


10 new direct threaded code instructions to support high level languages that compile 
linked machine instructions 


R6502 instruction compatible except “(indirect,X)” addressing mode changed to “(Indirect)” 
and “(Indirect),Y” addressing mode changed to “(Indirect)” 


* Internal Memory 


Internal masked ROM: 8192 bytes 
RAM: 1024 bytes 

Page 0: 128 bytes 

Pages 1-3: 768 bytes 

Page 4: 128 bytes 


Dual port RAM for general purpose host bus interface or for 16450 (C29) or 16450/16550 
emulation (C39) 


* General purpose input/output (GPIO), output (GPO), or input (GPI) lines 


28 GPIO lines with data latches and direction registers for 80-pin PQFP and 84-pin PLCC 
packages: Ports A, C, D (0-3), and E 


20 GPIO lines with data latches and direction registers for 68-pin PLCC package: Ports A, 
C, and D (0-3), 


8 output only lines with data latches: Port B 
4 input only lines with data latches: Port D (4-7) 
32 I/O lines can be assigned to special purpose functions under software control 
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* Two identical 16-bit programmable counter/timers with latches 


- Four modes: Interval Timer, Pulse Generation, Pulse Width Measurement, Event Counter 
- Selectable divide-by-32 prescaler 

- Timer interrupt can be vectored to either ROM or page 1 RAM 

- 1/O port interface 


* Two 17-bit precision time generators (PTGs) with latches 


- Increment/decrement capability with counter option (clear accumulator on overflow) 
- Interrupt enables 


¢ Selectable Host Bus for 16450 or scratchpad RAM interface (C29) 


- 16450 interface (application software dependent) 
10 bytes for 16450 registers 
1 byte for dual port scratch pad RAM 
1 byte for dual port handshake 
- General purpose dual port RAM interface 
15 bytes for dual port scratch pad RAM 
1 byte for host control register 
1 byte for dual port handshake 


* Selectable Host Bus for 16450/16550 or scratchpad RAM interface (C39) 


- 16450/16550 interface (application software dependent) 
6 bytes for 16450 registers 
7 bytes for dual port scratch pad RAM 
1 byte for dual port general purpose RAM 
1 byte for dual port handshake 
1 byte for receiver and transmitter FIFO interface (16 byte deep FIFO) 
2 bytes for FIFO status 
1 byte for GP FIFO status 
DMA interface 
- General purpose dual port RAM interface 
13 bytes for dual port scratch pad RAM 
1 byte for dual port handshake 
1 byte for FIFO interface (16 byte deep FIFO) 
2 bytes for FIFO status 
1 byte for GP FIFO status 
DMA interface 


« USART Serial I/O 


- Common asynchronous/synchronous features 
Full double buffering 
Serial in and serial out individually enabled 
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Interrupt enables for receiver buffer full and transmitter buffer empty 
Echo modes 
Timer B or PTGA/PTGB timing 
Speed recognition 
- Asynchronous features 
5-, 6-, 7-, or 8-bit characters 
Even, odd, stuff or no parity bit generation and detection 
1, 1-1/2 or 2 stop bit generation with 3/4 or 7/8 stop bit control 
False start bit detection 
Interrupt enables 
Line break generation and detection 
- Synchronous features 


Transmit data (TXD) serial input timing — internal, external TXCLK, or external 
TXREF 


Received data (RXD) serial output timing — internal or external RXCLK 

5-, 6-, 7-, or 8-bit characters 

Automatic word sync on first 1 to 0 transition 

Interrupt enables for serial input clock (TXCLK) and serial output clock (RXCLK) 
¢ Expansion Bus 


- Built-in memory banking allows up to 512k bytes of external memory to be addressed 
- Eight Bank Select Registers independently control 8k-byte memory banks 
- Each BSR defines address translation (A13-A15), A16 control, and chip select (ESO-ES3) 
* Eight levels of prioritized, vectored interrupts 
- RESP (highest priority) 
- Non-mask interrupt (NMI) 
- Six prioritized interrupt requests (IRQ1-IRQ6) 
Six IRQ ROM vectors 
Two software selectable Timer IRQ page 1 RAM vectors 
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* Internal 1 MHz to 10 MHz internal clock with crystal or clock input 
- Internal divide-by-2 (C29) or divide-by-1 (C39) input frequency divider 
- 2MHz to 20 MHz (C29) or 1 MHz to 10 MHz (C39) input frequency 
- Sleep (idle) mode, software enabled 
Low power dissipation, normal operation resumption within 2 clock cycles 
Awakened by a low on NMIP 
Awakened by a low detected on PAO, on PA2, or on PD4 and PDS, software enabled 
Awakened by a low detected on PD4 or on PD5, software enabled (C39) 
- Stop mode, software enabled (C39) 
Ultra-low power dissipation, normal operation resumption within 12 clock cycles 
Awakened by a low on NMIP 
Awakened by a low detected on PAO, on PA2, or on PD4 and PD5, software enabled 
Awakened by a low detected on PD4 or on PDS, software enabled 
Available in plastic leaded chip carrier (PLCC ) or low profile plastic quad flat pack (PQFP) 
packages 
- 68-pin PLCC 
- 84-pin PLCC 
- 80-pin PQFP 
* Emulator Device 
- 84-pin PLCC 
* +5 V 5% power 


1.3. ©19/C29/C39 FAMILY COMPARISON 


Feature C19 C29 C39 Units 
RAM 512 1K 1K Bytes 
ROM 16K 8K 8K Bytes 
Serial 160450 16C450 16C450/16C550 
GP Scratchpad RAM 15 15 13 Bytes 
16-byte FIFO No No Yes 
DMA access No No Yes 
CRC -- 1(16) 1(16) 

Expansion Bus 64K 64K+ 64K+ 

Max Speed 8 10 10 MHz 
BRK Vector IRQ6 IRQ6 NMI 

Low power mode Sleep Sleep Sleep/Stop 
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1.4. DEVELOPMENT SUPPORT 
1.4.1. AMC EL Development System 


The AMC EL Development System, available from Applied Microsystems Corporation, provides extensive 
hardware and software tools for application software development and debugging. Major features include: 


¢ Support for C19, C29, C39, and FAXENGINE processors 
* Hosts on 386 PC or compatible (DOS 5.0 or later) 
« Runs in real time at speeds to 12 MHz. 


¢ Language tools include C and ANSI compilers, C29 Assembler, Disassembler, Linker, Loader, 
and Librarian. 


* Source level debugger 
* Trace memory (optional) 
* Target diagnostics 
* RS-232C serial host interface at 9600-115.2K baud 
* Banked memory support 
« Access or violation, hardware execution breakpoints and event-system breaks 
« Advanced break/event system 
* Optional overlay memory 
* Overlay and target memory 
Additional information is available from: 
Applied Microsystems Corporation 
5020 148th Ave. N.E. 
P.O. Box 97002 
Redmond, WA 98073-9702 
(206) 882-2000 
1-800-426-3925 


TRT TELEX 185196 
FAX (206) 883-3049 
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2. INTERFACE DESCRIPTION 


2.1. PIN ASSIGNMENTS 


The pin assignments for the 68-pin PLCC, the 84-pin PLCC, and the 80-pin PQFP packages are shown in 
Figure 2-1. The I/O signals are shown in Figure 2-2 along with the major interfacing MPU functions. 


2.2. 1/0 PIN SIGNALS 


The I/O pin signals are defined in Table 2-1. 


NOTE: Pin 14 is SYNC on C29; NC on C39. 


Figure 2-1a. Pin Assignments - 68-Pin PLCC 
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NOTE: SYNC, SC2, MK6 and MK7 are only available in the emulator package. 


Figure 2-1b. Pin Assignments - 84-Pin PLCC 
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NOTE: * Indicates pins not bonded in the 68 pin PLCC package. 


Figure 2-1c. Pin Assignments - 80-Pin PQFP 
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RAM 
16 Bytes/ 
16550 Mode 
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(1) vec Modification 


(3) GND 
RESP ADDRESS 
NMIP A0-A7 
TSTP 


( 84 Pin Package only) SYNC 
( 84 Pin Package only) sc2 


x a OSCILLATOR 
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WTP 
RDP STOP 


Note: Extra VCC and 
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in 80 pin PQFP DIV 32 Prescale TIMERS 
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Note: 
Port E is bonded 
in 80 pin PQFP 
and 84 pin PLCC 
packages only. 


Figure 2-2. internal Functions and I/O Signais 
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Table 2-1. Interface Signal Description 


PAO-PA7 VO General Purpose 8-Bit I/O Port A. All pins can be assigned special functions 
under software control. The Port A Direction Register (PAD) must be set 
appropriately for all pins in both general and special use. PA1, PA3, PA4 and 
PA7 have edge detect circuitry that remains active regardless of data direction. 


TIMA VO | Timer A 1/O. An input in Timer A Event Counter or Pulse Width Measurement 
(PAO) mode and an output in Timer A Pulse Generation mode. 


Ring. An unclocked input whose positive level is used to clear the low power 
mode. Ring is enabled by LPR5. 


Clear To Send. The negative edge of an external CTSP signal can be used to 
initialize the USART TXD synchronous mode word counter (SM1 = 1). 


Serlal Input Passthrough. PA2 input is connected to the PA1 output when the 
serial passthrough is selected (SF7 = 1). 


PA1 Negative Edge Detect. The PA1 edge detect flag (E!7) is set on each 
detected edge and is cleared by writing a zero to register bit CI7. When the 
PA1 edge detect flag is set (EI7 = 1), IRQ5 will be asserted if its enable is set 


TXD Serial Input. PA2 input is connected to the USART as the serial input 
stream when USART TXD mode is selected (SM6 = 1). 


TXCLK Clock. PA3 is internally connected to the serial input clock when 
synchronous USART operation is selected (SM4 = 1). TXCLK can be an 
external signal, an internal signal, or can be internally connected to TXREF 
(PA4). TXD is clocked on the rising edge of TXCLK. 


PA3/PA2 Positive Edge Detect. The PA3/PA2 edge detect flag (SI6) is set on 
each detected edge and is cleared by writing a zero to register bit CI3. When 
the PA3/PA2 edge detect flag is set (SI6 = 1), IRQ4 will be asserted if its 
enable is set (SI4 = 1). 


Host Transmit Acknowledge. PA3 is an is an active low transmit 
acknowledge input in the DMA from the host bus acknowledging that the DMA 
controller received the Transmit Ready (TXRDY) data transfer request (HCR2 
= 1). Non-operational in the 16450 mode. (C39 only.) 


External TXD Reference Clock. PA4 input is connected internally to PA3 
output when synchronous USART operation is selected (SM4 = 1) and TXREF 
is selected as the TXCLK source (SM2 = 1). 


PA4 Positive/Negative Edge Detect. The PA4 edge detect flag (EI6) is set on 
each detected edge and is cleared by writing a zero to register bit ClI6. When 
the PA4 edge detect flag is set (EI6 = 1), IRQ2 will be asserted if its enable is 
set (El3 = 1). PA4 will detect a negative (El1 = 0) or a positive (El1 = 1) edge. 


Receiver Line Signal Detect. The negative edge of an external RLSDP signal 
can be used to initialize the USART RXD synchronous mode word counter 
(SMR1 = 1). 
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(PA4) 


REXD 
(PAS) 


TXRDY 
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Host Recelve Acknowledge. PA¢4 is an is an active low receive acknowledge 
input from the host bus acknowledging that the DMA controller received the 
Receive Ready (RXRDY) data transfer request (HCR2 = 1). Non-operational in 
the 16450 mode. (C39 only.) 


Serial Output Passthrough. PAS input is internally connected to the PA6 
output when serial out passthrough mode is selected (SM7 = 1, SF5 = 0, and 
SF6 = 1). 


Transmit Ready. PAS is an active high transmit ready output in the host 16550 
DMA TX FIFO write mode and the 16450 mode (HCR2 = 1). When asserted, 
TXRDY indicates that the TX FIFO is not full, i.e., can accept data to be 
transmitted. Non-operational in the GP host mode. (C39 only.) 


RXD Serial Output. PA6 is connected as the USART serial output stream 
(SFR7 = 1). When loopback is selected (SF5 = 1) the PA2 signal is internally 
connected to the PA6 output. PAG is also modified by the serial output 
passthrough mode (SF6 = 1). 


Receive Ready. PAG is an active high receive ready output in the host 16550 
DMA RX FIFO read mode and the 16450 mode (HCR2 = 1). When asserted, 
RXRDY indicates that the RX FIFO is not empty, i.e., has received data ready 
for transfer. Non-operational in the GP host mode. (C39 only.) 


RXD Serial Output Clock. PA7 output is internally connected to the USART in 
the synchronous mode (SM7 = 1 and SM4 = 1). RXCLK can be an external 
input signal or can be generated internally and become an output signal. Serial 
out is clocked on the negative edge of RXCLK. 


PA7 Negative Edge Detect. The PA7 edge detect flag (SI5) is set on each 
detected edge and is cleared by writing a zero to register bit Cl4. When the 
PA7 edge detect flag is set (SI5 = 1), IRQ6 will be asserted if its enable is set 
(S13 = 1). 
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Table 2-1. Interface Signal Description (Cont'd 


PBO-PB7 General Purpose 8-Bit Output Port B. All pins can be assigned special 
functions under software control. The Port B Selection Register (PBS) must be 
set appropriately for all pins in both general and special use. All Port B outputs 
float during reset active low. 

A16 

(PBO) 

ES4 

(PB1) 

ES3 

(PB2) 

ES2 

(PB3) 

ES1 

(PB4) 

ESO 

(PB5) 


A16. When PBSO = 0, the PBO pin becomes the A16 address function from the 
selected or active (i) Banking RAM register bit 4 (BRi4). 


ES4. When PBS1 = 0, the PB1 pin becomes the ES4 chip select signal. ES4 is 
active low from addresses $0600 to $07FF. 


ES3. When PBS2 = 0, the PB2 pin becomes the ES3 chip select signal. ES3 is 
controlled by bit 7 of the selected or active (i) Banking RAM register (BRi7). 


ES2. When PBS3 = 0, the PB3 pin becomes the ES2 chip select signal. ES2 is 
controlled by bit 6 of the selected or active (i) Banking RAM register (BRi6). 


ES1. When PBS4 = 0, the PB4 pin becomes the ES1 chip select signal. ES1 is 
controlled by bit 5 of the selected or active (i) Banking RAM register (BRi5). 


ESO. When PBSS5 = 0, the PB5 pin becomes the ESO chip select signal. ESO is 
controlled by bit 4 of the selected or active (i) Banking RAM register (BRi4). 


can be used to control an external transceiver driver. (PBS6 = 0) 


Host Bus Interrupt. Active high output asserted in both the general purpose 
(GP) host interface (HC2 = 1 and HC1 = 0) or the 16450 host interface (HC2 = 
1 and HC1 = 1) under various conditions. (PBS7 = 0) 


HINT 
(PB7) 
PCO-PC7 


HDO-HD7 
(PCO-PC7) 


General Purpose 8-Bit I/O Port C. All pins can be assigned in a group to host 
bus data lines by a software option. The Port C Direction Register (PCD) must 
be set appropriately for all pins. 


Host Bus Data Lines. PCO-PC7 are dedicated to the host bus interface 
bidirectional data lines HDO-HD7, respectively, as a software option (HC2 = 1). 
The Port C direction register must be set to the output mode when the host bus 
software option is selected. 


HDIS Host Bus Driver Disable. Active low output asserted when the host is 
(PB6) selected (HCR2 = 1) and is reading data from the MCU host data bus. HDIS 
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Table 2-1. interface Signal Description (Cont'd 


Comer [vo [ameltuncton —SCS~*d 


PDO-PD3 VO General Purpose 4-Bit I/O and 4-Bit Input Port D. PDO-PD3 are general 

PD4-PD7 I purpose 1/0 pins while PD4-PD7 are input only. PDO-PD3 output latch is 
controlled by writing bits 0-3 at address $0003, while their direction control is 
contained in bits 4-7, respectively. PDO- PD6 can be assigned in a group to 


host bus address and control lines by a software option (HCR2 = 1). 


Host Bus Address Lines. PD0-PD3 are dedicated to the host bus interface as 
address lines HAO-HA3, respectively, as a software option (HC2 = 1, HC1 = 1). 
PD3 remains a GP pin in the 16450 mode (HC2 = 1, HC1 = 0). 


HCSP Host Bus Chip Select. PD4 is dedicated to the host bus interface as the 
(PD4) active low chip select input as a software option (HC2 = 1). 
HWTP Host Bus Write. PD5 is dedicated to the host bus interface as an active low 
(PDS5) write control input as a software option (HC2 = 1). 
HRDP Host Bus Read. PD6 is dedicated to the host bus interface as an active low 
(PD6) read control input as a software option (HC2 = 1). 

ft or XY 


Edge 
(PD7) 


PD7 Positive/Negative Edge Detect. The PD7 edge detect flag (EI5) is set on 
each detected edge and is cleared by writing a zero to register bit CI5. When 
the PD7 edge detect flag is set (EI5 = 1), IRQ1 will be asserted if its enable is 
set (El2 = 1). PD7 will detect a negative (El0 = 0) or a positive (El0 = 1) edge. 


PEO-PE7 0 


General Purpose 8-Bit I/O Port E. The Port E Direction Register (PED) must 


be set appropriately for all pins. Port E is only available in the 80-pin PQFP and 
84-pin PLCC packages. , 
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Table 2-1. Interface Signal Description (Cont'd 


Pome [vo] Nave/ Funston Sd 


A0-A12 aa AO-A12 . Address lines for external memory bus. These lines float during reset 
active. 


A13-A15 . Address lines for external memory bus. These lines float during 
reset active. Address lines A13 - A15 are controlled by bits 0 - 2 (m), 
respectively, of the active or selected (i) Banking RAM register (BRim). 


Expansion Bus Data . D0-D7 provide an 8-bit bi-directional data bus for 
interfacing to external memories. DO-D7 float during reset active. 


Expansion Bus Write. Active low write strobe for the expansion bus. When 
WTP is asserted, data on the expansion data bus is to be written into the 
selected peripheral device. WTP remains high during MCU reset active. 


Expansion Bus Read. Active low read strobe for the expansion bus. When 
RDP is asserted, data is read from the selected peripheral onto the expansion 
data bus. RDP remains high during MCU reset active. 


Reset. Active low input resets all MCU circuits and registers to their initial 
state. MCU operation resumes when the RESP input goes high; program 
execution starts at the location defined by the reset address vector. 


Non-Maskable Interrupt. Non- Maskable negative edge sensitive interrupt 
input. Interrupts program execution upon completion of current instruction and 
jumps to interrupt service subroutine starting at location defined by the NMI 
address vector. 


Low Power Wake Up - NMIP. When the MCU is operating in the low power 
Sleep mode, a low level on the NMIP pin will cause normal operation to 
resume. 


When the C39 is operating in the low power Stop mode, a low level on the 
NMIP pin for at least 12 clock cycles will cause normal operation to resume. 


LPWU Ring Low Power Wake Up - Ring . When the C339 is operating in the low power 
(PAO) mode, a high level on PAO will cause normal operation to resume if the PAO 
enable term is set (LPR5 = 1). 


Low Power Wake Up - Host Bus Write. When the C39 is operating in the low 
power mode, a low level on both PD4 and PDS5 will cause normal operation to 
resume if the host write enable term is set (LPR4 = 1). 


LPWU TXD Low Power Wake Up - TXD (USART Start Bit). When the C39 is operating in 
(PA2)P the low power mode, a low level on PA2 will cause normal operation to resume 
if the USART start bit enable term is set (LPR3 = 1). 


Low Power Wake Up - DTR . When the C339 is operating in the low power 
mode a low level on PD4 will cause normal operation to resume if the host 
write enable term is set (LPR2 = 1). 


LPWU AL Low Power Wake Up - AL. When the C39 is operating in the low power mode 
(PD5)P a low level on PD5 will cause normal operation to resume if the host write 
enable term is set (LPR1 = 1). 
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Table 2-1. Interface Signal Description (Cont'd 
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TSTP Emulator Mode. The TSTP is an input with an internal pull-up. 
TSTP high places the MCU in the normal operating mode. 
1. Internal ROM is enabled. 
2. RDP and WTP reflect CPU activity. 
3. Internal CPU read activity on pages 0, 1, 2, 3, or 4 (internal RAM and 
registers) do not appear on the expansion bus. 
TSTP low places the MCU in a special emulation mode. 
1. Internal ROM is disabled and all ROM fetches are transferred to the 
expansion bus. 
. Internal bus activity on pages 0, 1, 2, 3, or 4 now impact DO-D7. An 
ial read from pages 0-3 cause the internal data to appear on DO- 


SYNC Sync. When sync is asserted high it denotes that the current cycle is an op 
code fetch for the next instruction (Emulator package only.) 
$C2. SC2 is an output operating at the crystal frequency or slower depending 
upon the external memory selected and is in phase with the internal C2 clock 
(Emulator package only.) 

XTLI Crystal Oscillator Input Pin. Input connection from crystal or external clock 
circuit. 

XTLO Crystal Return. Oscillator output connection to an external crystal. Open when 
the XTLI input is connected to an external clock. 

Ca Ground. Signal and power ground. 
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3. SYSTEM ARCHITECTURE 


3.1. | OVERVIEW AND MEMORY MAPS 


3.1.1. Block Diagrams 
Block diagrams of the C29 and C39 are shown in Figure 3-1a and 3-1b, respectively. 


3.1.2. | Top Level Memory Map 


The top level memory map in Figures 3-2 shows major boundaries between I/O, internal ROM, internal RAM, and 
external addresses. The individual registers are identified in Table 3-1. 
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C29 Block Diagram 
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XTLO OSCILLATOR C39 Block Diagram 
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C29 Device 


Default 
ES3 Expansion 


Page 5 (256) 
UNAVAILABLE t 


CRC Control (2 


Page 4 RAM 
128 


Default 


Page 3 RAM 
ES2 Expansion 


(256) 


Page 2 RAM 
(256) 
Default 
ES1 Expansion Page 1 RAM 
(8K) (256) 


Default Page 0 RAM 
ESO Expansion (6K) 
BSRO 


ES4,RAM & Regs. (2K) 3 


1. Simulate ROM using Overlay. 
2. If BSR7:ES0-3 active, ROM disabled. 
3. Device specific, no Overlay. 


Ports A to E and Misc.Regs. (12, 
Figure 3-2a. C29 Memory Map - Overview 
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FFFF 0800_ 


Default 
ES3 Expansion 


Page 5 (256) 
UNAVAILABLE t 


CRC Control (2 


Page 4 RAM 
128 


8000 

Default Page 3 RAM 

ES2 Expansion (256) 

60007 ss LB SRS 
5000 
4000 

Default 
3000 ES1 Expansion 

(8K) 

2000 

Default 
1000 ESO Expansion (6K) 
0800 


0000 ES4,RAM & Regs. (2K) 3 


1. Simulate ROM using Overlay. 
2. If BSR7:ESO-3 active, ROM disabled. 
3. Device specific, no Overlay. 


Ports A to E and Misc.Regs.(12 


Figure 3-2b. C39 Memory Map - Overview 
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Table 3-1a. Memory Map 0-001Fh 
Read 


Port B (Output Only) Port B (Output Only) 

Port C 

Port D (0-3), Direction (4-7) 
Port A Direction 

Port B Select Port B Select 
Port C Direction 
Port E 

Mask Option Register Port E Direction 
Low Power Register (LPR) Low Power Register (LPR) 
External Interrupt Register External Interrupt Register 
Clear External Interrupt Clear Externat Interrupt 


PTG B Mode PTG B Mode 


AN 


3 
5 


PBB PBB 


PBUL PBUL, PBB to PBLL 


PBUL, Clear Flag PBUL,PBB to PBLL, 


Download, Clear Flag 
0010 Timer A Mode Timer A Mode 


TALC, TAUC to TAS TALL 


S 
g 


TAS TAUL 


0013 TAS, Clear Flag TAUL, Download, Clear Flag 


Timer B Mode Timer B Mode 


0015 TBLC, TBUC to TBS TBLL 


0016 TBS TBUL 


0017 TBS, Clear Flag TBUL, Download , Clear Flag 


0018 Bank 0 Bank 0 


0019 Bank 1 
001A 


001B Bank 3 


001C Bank 4 Bank 4 


Bank 6 Bank 6 


001F Bank 7 Bank 7 
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Read 
SP RAM 0 


2) 
a) 
Dv 
> 
= 
i 


RX FIFO Buffer 
SP RAM 1 
SP RAM 2 
SP RAM 3 
SP RAM 4 
SP RAM 5 


SP RAM 6 
SP RAM 7 
SP RAM 8 
SP RAM 9 


TX FIFO Buffer 
SP RAM 2 
002A SP RAMA SP RAMA SP RAMA SP RAMA 


SP RAM B 
SP RAM C 
SP RAM D 


SP RAM E 


HosH Handshake Register 
(HHR) 


o02F Host Handshake Register HosH Handshake Register Host Handshake Register 
(HHR) (HHR) (HHR) 


FIFO Interrupt Enable 
Register (FIER) 
Host Control Register Host Control Register Host Control Register 
(HCR) (HCR) (HCR) 


FIFO Status Register (FSR) 


FIFO Interrupt Enable 
Register (FIER) 


Host Control Register 
(HCR) 
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Table 3-1c. Memory Map - 0020h-0032h - Host 16450 (C29) and 16450/16550A (C39) 


C29 Only (16450 


RX Buffer RX Buffer TX FIFO Buffer 


SP RAM 2 SP RAM 2 Modem Status Register MSR) 


Line Control Register (LCR) ees | Line Control Register (LCR) 


Modem Control! Register Modem Control Register 
(MCR) (MCR) 


SP RAM 5 FIFO Control Register (FCR) 


SP RAM 6 SP RAM 6 SP RAM 6 
SP RAM 7 a ee Scratch Register (SCR) 


Divisor Latch LSB Divisor Latch LSB 


: 
; 


8 


27 


8 


28 


Divisor Latch MSB Divisor Latch MSB 


SP RAMA SP RAMA SP RAMA 


002B SP RAM B SP RAM B SP RAM B 
002C SP RAM C SP RAM C SP RAM C 


SP RAM D SP RAM D SP RAM D 


SP RAME [SPRAME GP DP FIFO Status (GPFS) 


Host Handshake Register HosH Handshake Register Host Handshake Register 
(HHR) (HHR) (HHR) 


002A 


Line Status Register (LSR) Line Status Register (LSR) FIFO Status Register (FSR) 


Modem Status Register (MSR) Modem Status Register (MSR) FIFO Interrupt Enable 
Register (FIER) 


Host Control Register (HCR) Host Contro! Register (HCR) Host Control Register (HCR) 


Table 3-1d. Memory Map - 0033h-003Fh 
Read a 


Chip Select Fast / Slow Chip Select Fast / Slow 


PTG A Mode PTG A Mode 
PAUL PAUL, PAB to PALL 


PAUL, Clear Flag PAUL,PAB to PALL, 
Download, Clear Flag 


7 


Serial In Buffer (SIB) Serial Out Buffer (SOB) 
Serial Interrupt Enable (SIR) Serial Interrupt Enable (SIR) 


3 


39 


Serial Mode Register (SMR) Serial Mode Register (SMR) 


3 


3B Serial Line Control Register Serial Line Control Register 
(SLC)R (SLCR) 

003C Serial Status Register (SSR) Serial Status Register (SSR) 
Serial Form Register (SFR) Serial Form Register (SFR) 


SOUT (RXD) Divider Latch 
(SODL) 


SIN (TXD) Divider Latch 
(SIDL) 


8 
a 
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Emulation Mode 


C39 Only (16450/16550 


RX FIFO Butfer 
Line Status Register (LSR) 
Modem Status Register (MSR) 


FIFO Control Register (FCR) 
SP RAM 6 
Scratch Register (SCR) 


SP RAMA 
SP RAM B 
SP RAM C 
SP RAM D 
GP DP FIFO Status (GPFS) 


HosH Handshake Register 
(HHR) 


FIFO Status Register (FSR) 


FIFO Interrupt Enable 
Register (FIER) 


Host Control Register (HCR) 
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64 BYTES 


PAGE 1 SEGMENT 
ADDRESS 


128 BYTES 
PAGE 0 RAM 


256 BYTES 
PAGE 1 RAM 


256 BYTES 
PAGE 2 RAM 


256 BYTES 
PAGE 3 RAM 


128 BYTES 
PAGE 4 RAM 


ES4 Active, PBS1 = 0 


Table 3-1e. Memory Map - 0040h-1FFFh 


64 BYTES 


PAGE 1 SEGMENT 
ADDRESS 


128 BYTES 
PAGE 0 RAM 


256 BYTES 
PAGE 1 RAM 


256 BYTES 
PAGE 2 RAM 


256 BYTES 
PAGE 3 RAM 


128 BYTES 
PAGE 4 RAM 


CRC INPUT BUFFER 
INITIALIZE CRC 


ES4 Inactive, PBS1 =1 


Bank Select 0 (6K PBS1=0, or 6.5K PBS1 =1) 
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3.1.3. 1/O Register Bit Assignments 
The individual I/O signal and data bits are identified in Table 3-2. 
Table 3-2a. Re 


Ister BIt Assignments - 0000h - 0017h 


ies 

F000 | Pot AData 0-700) | PAT | pas | pas | Pas | Pas | a2 | PAT | PAO 
[000% | Po B Data @7; Output Onn | Pe7__| Pee | Pes _| pee | pes | pe2 | per | PaO | 
Foooe [Pot data@-7:vo) | ror | Pos | pcs | pos | pcs | pce | por | poo_| 
=| recess [mm [me [rm [ro fm [me fm | 

Port D Direction (4-7) 

Fo00s | Pow BSeiect(o7) | Pas? | pase | pass | Pasa | pass | pase | past | paso | 
[0006 | Porc Direction @-7) | Poor | pops | pods | Pos | Pos | poz | Pcor | PDO 
fooor | Ponte Datao7 | per_| pes | es | rea | res | pee | per | PEO 


Low Power Register Low Wake up | Wake up Not Used 
(LPR) Power Enable Enable 
Mode PD4 (Wrt) PA2 


Enable PD5 (CS) 
External 


(TXD) 
External External External 


External Interrupt Register External External Edge Edge 


(EIR) Interrupt Interrupt | Interrupt | Interrupt | Interrupt Interrupt Detect Detect 
Flag Flag Flag Enable Enable Enable Polarity Polarity 
PAI PA4 PD7 PAI PA4 PD7 PA4 PD7 


RAM 
Segment 


RAM 
Segment 


Clear 
Interrupt 


Clear Interrupt Register Clear Clear Clear Clear 
Interrupt Interrupt Interrupt Interrupt 


Flag Flag Flag Flag Flag Select Select 
PAI PA4 PD7 PA7 PA3 Bit 1 (Cl1) | Bit O (ClO) 
000C | Precision Time Generator B PTGB PTG B Not Used PTGB 
(PTG B) Mode (PBM) Interrupt | Interrupt Timer 
Flag Enable Mode 
Timer A Mode (TAM) Timer A Timer A Timer A Not Used Timer A i i 


Interrupt Interrupt Vector 


Div by 32 


Flag Enable Select Prescale 


Poors | TimerAlowortaien | satay | aaia6 | datas | cetas [ cas | ca? | cates | cntao 
Foor | TimerAUppertatcn | data 15 | ota | catats | date t2 | cater | dataro | cates | cotao 
Poors | TimerAUppertatch | aatat5 | dotara | caters | catet2 | catatt | caaro | cao | cntaa 


0014 Timer B Mode (TBM) Timer B Timer B Timer B Not Used Timer B 
Interrupt Interrupt Vector Div by 32 
Flag Enable Select Prescale 

[001s | _timerBtatchtow | data7 | daia6 | catas | datas | datas | datar | eat | datad_ 


aaa 5 
Pastas [cate | ona 10 | 
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Table 3-2b. Register Bit Assignments - 0018h - 001Fh 


Pes see eee Oe | 
Po ae eae eee eee ee ee ee ee ee ee ee 


(BSRO) 
Bank Select Register 1 ES3 (1) ES2 (1) ES1 (1) ESO (1) A16 (1) A165 (1) A14 (1) A13 (1) 
(BSR1) 
(BSR2) 
(BSR3) 
(BSR4) 
Bank Select Register 5 ESS (5) ES1 (5) | ESO(5) | A16(5) | A15(5) | A145) | A13 (5) 
(BSR5) 
Bank Select Register 6 ES3 (6) | ES2(6) | ES1(6) | ESO”) | A1e(6) | A15(6) | A14(6) | A13 (6) 
(BSR6) 
(BSR7) 


EEEEE 
oO; Oo 
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Table 3-2c. Register Bit Assignments - 0020h - 0032h (C29 Only) 


he a a ee ew Ws wee ee | 
eo eee ee es eS <Q 
Fooa | PK Buter | aaa? | datas | cntas | cotaa | cated | cna? | cotet | cand 
Fooar | tx euter | data? | datas | catas | cotaa | cotas | cata2 | cotat | cata0_ 


Interrupt Enable Register j TX Buffer | RX Data 
(IER) Empty Avail 
Interrupt Interrupt | Interrupt | Interrupt 
Enable Enable Enable Enable 
(EDSSI) (ELSI) (ETBE!) (ERBFI) 
Host Interrupt Identifier Register Int ID 0 if 
Read (IIR) Bit 0 Interrupt 
@ x2 Pending 
0023 Line Control Register DLAB Set Stick Even Parity Number Word Word 
(LCR) Break Parity Parity Enable Stop Bits Length Length 
(WLS1) (WLSO) 
| 0024 Modem Control Register Loop Out 2 Request Data 
to Send | Terminal 
(RTS) 


a Ll 
fice Divisor Latch MSB data 15 [cael ecceaaal 


Host Handshake Controller | Controller 
Register (HHR) Intrpt 1 Intrpt 2 

Flag Flag 
(CF1) (CF2) 


Controller 
Intrpt 2 
Enable Enable 

(CE2) (HE1) 


Break Framing Overrun 
Interrupt Error Error 
(FE) (OE) 


Controller 

Intrpt 1 Intrpt 2 Intrpt 1 
Flag Flag Enable 
(HF 1) (HF2) (CE1) 


Xmitter 
Holding 
Register 
Empty 
(THRE) 


Intrpt 1 Intrpt 2 
Enable 


(HE2) 


Line Status Register 


(LSR) 


Modem Status Register Data Ring Delta Trailing 


(MSR) Carrier Indicator Data Edge of 
Detect (RI) Carrier Ring 
(DCD) Detect Indicator 


(DDCD) | (TERI) 


TX FIFO MCR LCR Divisor 1 Host 16450 16450 
Buffer Write Write Latch Mode Mode Interrupt 

Full Flag Flag Write Select Enable 
Interrupt Flag 


Host Control Register 
(HCR) 
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Table 3-2d. Register Bit Assignments - 0020h - 0032h (C39 Onl 


ee ee te ee 
i ee 


RX FIFO Buffer data 7 data 6 data 5 data 4 data 0 
(Host Read/C39 WriteQ 


TX FIFO Buffer data 7 data 6 data 5 data 4 data 1 data 0 
(Host Write/C39 Read) 
Line Status Register RX FIFO | TXFIFO | TXFIFO Break Framing Overrun RX 
(LSR) Error Interrupt Error Error Data 


(Bl) (FE) (OE) 


Data 
Carrier 
Detect 
(DCD) 


Delta 
Data 


Modem Status Register 
(MSR) 


Ring 
Indicator 
(RI) 


Trailing 
Edge of 
Carrier Ring 

Detect Indicator 
(DDCD) (TERI ) 


(LCR) Break Parity Parity Enable Stop Bits Length Length 
(WLS1) (WLSO) 
Modem Control Register Loop Out 2 Out 1 Request 
(MCR) to Send | Terminal 

(RTS) Ready 

(DTR) 

FIFO Control Register RCVR RCVR Reserved | Reserved DMA TX FIFO | RX FIFO FIFO 

(FCR) Trigger Trigger Mode Reset Reset Enable 

MSB LSB Select 


Host Interrupt Enable Register Modem RX Line TX Hold RX Data 
RdMt (IER) 


_ Status Status Empty Avail 
Host Interrupt Identifier Register FIFO FIFO 
Read (IIR) Enable Enable 


® 
an 


Interrupt Interrupt Interrupt Interrupt 
(FCRO) (FCRO) 


Enable Enable Enable Enable 
(EDss!) | (ELS!) | (ETBE!) | (ERBF)) 
002 Scratch Register (SCR) | bit7 | bité | 
Divisor Latch LSB 


Interrupt | Interrupt Interrupt Oif 
ID Bit 2 ID Bit 1 ID Bit O Interrupt 
Pending 
GP FIFO Status Tx Empty | Tx Empty | Tx FIFO 
(GPFS) Interrupt | Interrupt Half 
Enable Flag Empty 


® 
S 


7 | bite | bitt | ito | 
0028 | bits | bite [bts [bite 
Pere | ota | otro | ore | ove | 
Rx Trig Rx Trig Rx Trig Rx Trig Rx FIFO 
Level Sel | Level Sel | Level Int | Level Int Data 
(RTL1) (RTLO) Enabie Flag Avail 


a alee 


Host Handshake Controller | Controller Controller | Controller 
Register (HHR) Intrpt 1 Intrpt 2 Intrpt 1 Intrpt 2 Intrpt 1 Intrpt 2 
Flag Flag Enable Enable Enable Enable 


(CF1) (CF2) I (CE1) (CE2) (HE1) (HE2) 
FIFO Status Register TX FIFO Data RX FIFO | Receiver | Receiver | Receiver RX FIFO 
(FSR) Half Full Avail Freeze Break Framing Parity Half 
Flag TCDA Interrupt Error Error Empty 
(TCHF) (Bl) (FE) (PE) Flag 


(RCHE) 


FIFO Interrupt Enable TX FIFO Data UART RUCLK | TXFIFO | RXFIFO | RXFIFO | RX FIFO 
(FIER) Half Full Avail Timing Off Reset Reset Empty Half 
Interrupt | Interrupt Select Interrupt Empty 
Enable Enable Enable Interrupt 
(TCHFE) | (TCDAE) (RCEMT) | Enable 
(RCHE) 


TX FIFO MCR LCR 

Full Write Write 
Interrupt Flag Flag 
Flag 


Host Control Register 
(HCR) 


RX FIFO 
Interrupt 


Divisor 
Latch 
Write 

Flag 


16450/ 
16550 
Interrupt 
Enable 
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Table 3-2e. Register Bit Assignments - 0034h - 003Fh 


Lee | nee eee eens 
ee ee 


Precision Time Generator A PTGA PTGA Not Used PTGA 

(PTG A) Mode (PAM) Interrupt | Interrupt Timer 

Flag Enable Mode 

0038 Serial In Buffer (SIB) / d data 6 data 4 data 3 data 0 
Serial Out Buffer (SOB) 


jata 7 
Serial Interrupt Register TXD TXCLK RXCLK TXCLK RXCLK TXD RXD Buf | RXD Buf 


(SIR) Status (PAS) t (PA7) | (PA3)t (PA7) | Status Empty Full 
Interrupt | interrupt | Interrupt | Interrupt | Interrupt | 'Mterrupt | Interrupt | Interrupt 
Flag Flag Flag Enable Enable Enable Enable Enable 


(BE) 
TXREF 


(BF) 
Not Used 


Serial Mode Register Timing Sync TXD 


(SMR) Select Mode Sync Bit RLSDP 
0 = PRGs Sync 
1 = TIMB Enable 


Serial Line Control Register 
(SLC) 


Parity 
Stuff 
Bit 


Enable 
Parity Parity Bits 


Serial Status Register TXD TXD TXD 
(SSR) Parity Underrun Framing Overrun 
Bit (UR) Error Error 


(FE) (OE) 


Serial Form Register TXD/ REXD/ TXD/ TIMA TXD/ Not Used 7/8 3/4 
(SFR) TXDE TXD RXD Input Edge Short Short 
Echo Echo Echo TXD Test | TXD Test Stop Bit Stop Bit 
SOUT (RXD) Divider Latch data 7 data 6 data 4 data 1 data 0 
(SODL) 
003F SIN (TXD) Divider Latch data 7 data 6 data 5 data 4 data 1 data 0 
(SIDL) 
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3.2. CENTRAL PROCESSING UNIT (CPU) 


The central processing unit (CPU) is an enhanced 8-bit 6502 CPU. The CPU executes stored instructions fetched 
from memory (usually internal masked ROM) sequentially unless a jump to a new location is specified in the 
instruction or an interrupt occurs. Operation of the CPU instructions are described in Appendix A. The CPU is 
6502 instruction compatible except "(indirect, X)" addressing mode changed to "(indirect)," and ee Y" 
changed to "(indirect), X". 

The MCU CPU registers are the same as the 6502 CPU with the addition of the W-register and I-register. 


The data flow for the CPU registers is illustrated in Figure 3-3. 


Accumulator (A) 


W High (Wh) W Low (WL) 


X Register (X) Y Register (Y) 


(STACK) 


Stack Pointer (SP) Processor Status (S) 


Program Counter (PC) | Register (i) 


410F3-3/911356 


Figure 3-3. CPU Registers and Data Flow 


3.2.1. Index Registers 


There are two 8-bit index registers: X and Y. Either index register can be used as a base to modify the program 
counter contents and thus obtain a new address—the sum of the program counter contents and the index register 
contents. When executing an instruction which specifies indexed addressing, the CPU fetches the op code and 
the address, and modifies the address from memory by adding the index register to it prior to loading or storing 
the value of memory. 
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3.2.2. Stack Pointer 


The Stack Pointer is an 8-bit register that controls access to the stack. The stack is initialized under software 
control usually to the top of Page 1 RAM. The stack length can be up to 256 bytes ($1FF down to $100). 


The Stack Pointer is automatically incremented and decremented under control of the CPU to perform stack 
manipulation in response to program instructions, a reset, a non-maskable interrupt (NMI), an internally generated 
interrupt request (IRQ), or execution of the CPU Break (BRK) instruction. The Stack Pointer must be initialized by 
the user program. The JSR, JPI, PIA, BRK, RTI, and RTS instructions use the stack and the Stack Pointer. 


3.2.3. Arithmetic and Logic Unit (ALU) 
All arithmetic and logic operations take place in the ALU, including incrementing and decrementing internal 
registers (except the Program Counter). The ALU cannot store data for more than one cycle. If data is placed on 


the inputs to the ALU at the beginning of a cycle, the result is always gated into one of the storage registers or to 
memory during the next cycle. 


Each bit of the ALU has two inputs. These inputs can be tied to various internal buses or to a logic 0; the ALU 
then generates the function (AND, OR, SUM, and so on) using the data on the two inputs. 

3.2.4. Accumulator (A) 

The Accumulator (A) is a general purpose 8-bit register that stores the results of most arithmetic and logic 
operations. In addition, the Accumulator usually contains one of the two data bytes used in these operations. 
3.2.5. Program Counter (PC) 


The 16-bit Program Counter (PC) provides the addresses that step the processor through sequential instructions 
in a program. Each time the processor fetches an instruction from the program memory, the least significant byte 
of the Program Counter (PCL) is placed on the eight low-order lines of the internal address bus and the most 
significant byte of the Program Counter (PCH) is placed on the eight high-order lines of the internal address bus. 
The Program Counter is incremented each time an instruction or data byte is fetched from program memory. 


3.2.6. Instruction Register and Instruction Decode 

Instructions are fetched from ROM or RAM and gated onto the internal data bus. These instructions are latched 
then decoded along with timing and interrupt signals to generate control signals for the various registers. 

3.2.7. W Register (W) 

The 16-bit W register is used exclusively to perform the accumulate function during execution of the Multiply 
Accumulate (MPA) instruction. 

3.2.8. | Register (I) 


The 16-bit ! register is used for threaded code instructions. Note that the | register should not be confused with 
the CPU Instruction register which is not addressable. 
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3.2.9. 


Processor Status Register (PSR) 


The 8-bit Processor Status Register (Table 3-3) contains seven status flags. Some of these flags are controlled by 
the user program; others may be controlled both by the user program and the CPU. The instruction set contains a 
number of conditional branch instructions which allow testing of these flags. Each of the seven processor status 
flags is described in the following paragraphs. 


Bit 6: 


Bit 5: 


Bit 4: 


Processor a Register rei ae Not Used | Break (B) | Decimal IRQ Zero Carry 
Mode Interrupt (2) (C) 
(D) Disable (!) 


Bit 7: 


Table 3-3. Processor Status Register (PSR 


Negative (N). The Negative (N) bit copies the arithmetic sign bit value resulting from a data movement 
or an arithmetic operation. If the sign bit is set, the resulting values of the data movement or arithmetic 
operation is negative and the N bit is a logic 1; if the sign bit is cleared, the result of the data movement 
or arithmetic operation is positive and the N bit is a logic 0. There are no instructions that set or clear 
the N bit since the N bit represents only the status of a result. Standard 6502 instructions that affect the 
state of the N bit are: ADC, AND, ASL, BIT, CMP, CPX, CPY, DEC, DEX, DEY, EOR, INC, INX, INY, 
LDA, LDX, LDY, LSR, ORA, PLA, PLP, ROL, ROR, RT!, SBC, TAX, TAY, TSX, TXA and TYA. New 
instructions that affect this bit are: ADD, ASR, LAB, LAI, LAN, MPA, MPY, NEG, PIA, RND, TAW, and 
TWA. 


1 = Negative value 
0 = Positive value 


Overflow (V). The Overflow (V) bit indicates that the result of a signed, binary addition or subtraction 
operation is a value that cannot be contained in seven bits (-128 s n s +127). The V bit only has 
meaning when signed arithmetic (sign and seven magnitude bits) is performed. When the ADC or SBC 
instruction is performed, the V bit is set to logic 1 if the polarity of the sign bit (bit 7) is changed because 
the result exceeds +127 or -128; otherwise the V bit is cleared to logic 0. The V bit may also be cleared 
under program control by the Clear Overflow (CLV) instruction. There is no instruction to set V. 


The Overflow bit may also be used with the BIT instruction. The BIT instruction, which may be used to 
sample interface devices, allows the V bit to reflect the condition of bit 6 in the sampled field. During a 
BIT instruction, the V bit is set to equal to the content of bit 6 of the data tested with the BIT instruction. 
When used in this mode, the V bit has nothing to do with signed arithmetic, but is just another sense bit 
for the CPU. Standard 6502 Instructions which affect the V flag are ADC, BIT, CLV, PLP, RT! and SBC. 
New instructions that affect this bit are: ADD (binary mode only), CLW, MPA, MPY and RND. 


1 = Overflow set 
0 = Overflow cleared 


Not Used. 


Break (B). The Break (B) bit indicates the condition which caused the IRQ service routine to be 
entered. If the IRQ service routine was entered because the CPU executed a BRK instruction, the B bit 
is set to logic 1. If the IRQ routine was entered as the result of an IRQ occurrence, the B bit is cleared 
to logic 0. There are no instructions which can set or clear this bit. 


1 = BRK instruction 
0 = No BRK instruction 
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Bit 3: 


Bit 2: 


Bit 1: 


Bit 0: 


3.2.10. 


Decimal Mode (D). The Decimal Mode (D) bit controls the arithmetic mode of the CPU. When the D bit 
is a logic 1, the adder operates as a decimal adder. When this bit is a logic 0, the adder operates as a 
straight binary adder. The adder mode is controlled only by two instructions. The Set Decimal Mode 
(SED) instruction sets the D bit; the Clear Decimal Mode (CLD) instruction clears it. The PLP and RTI 
instructions also affect the D bit. The D bit is cleared by assertion of RESP thus initially establishing 
binary mode. 


1 = Decimal mode selected 
0 = Binary mode selected 


IRQ Interrupt Disable (1). The Interrupt Disable (I) bit controls the servicing of the internal interrupt 
request (IRQ). If the | bit is a logic 0, the IRQ will be serviced. If the bit is a logic 1, the IRQ will be 
ignored. The CPU sets the | bit to logic 1 if the external NMIP, external RESP, or the internal !RQ input 
(with the I bit set to a logic 0) is asserted. The | bit is restored by the Pull Processor Status from Stack 
(PLP) instruction, or as the result of executing a Return from Interrupt (RTI) instruction (provided the 
Interrupt Disable bit was cleared prior to the interrupt). The Interrupt Disable bit may be set or cleared 
under program control using a Set Interrupt Disable (SE!) or a Clear Interrupt Disable (CLI) instruction, 
respectively. 


1 = IRQ interrupt disabled 
0 = IRQ interrupt enabled 


Zero (Z). The Zero (Z) bit is set to logic 1 by the CPU during any data movement or by any calculation 
which sets all eight bits of the result to zero. This bit is cleared to logic 0 when the resultant eight bits of 
a data movement or calculation operation are not all zero. The instruction set contains no instruction to 
specifically set or clear the Zero bit. The Z bit is, however, affected by the following standard 6502 
instructions: ADC, AND, ASL, BIT, CMP, CPX, CPY, DEC, DEX, DEY, EOR, INC, INX, INY, LDA, LDX, 
LDY, LSR, ORA, PLA, PLP, ROL, ROR, RTI, SBC, TAX, TAY, TXA, TSX and TYA. New instructions 
that affect this bit are: ADD, ASR, LAB, LAI, LAN, NEG, PIA, TAW, and TWA. 


1 = Zero result 
0 = Non-zero result 


Carry (C). The Carry (C) bit can be considered as the ninth bit of an arithmetic operation. It is set to 
logic 1 if a carry from the eighth bit has occurred, or cleared to logic 0 of no carry occurred, as the result 
of arithmetic operations. The Carry bit may be set or cleared under program control by use of the Set 
Carry (SEC) or Clear Carry (CLC) instruction, respectively. Other standard 6502 operations which affect 
the C bit are ADC, ASL, CMP, CPX, CPY, LSR, PLP, ROL, ROR, RTI and SBC. New instructions that 
affect this bit are: ADD (binary mode only). 


1 = Carry set 
0 = Carry cleared 


CPU Interrupt Logic 


CPU interrupt logic controls the sequencing of the RESP, NMIP, and IRQ activated interrupts and the CPU BRK 
instruction. 


3.2.10.1. 


RES Sequencing 


A low-to-high transition on RESP causes the Interrupt Disable (I) bit in the Processor Status Register to be set 
and program execution to begin at the address fetched from the RES vector ($FFFE and $FFFF). 
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3.2.10.2. NMI Sequencing 


At the first operation code fetch following the high-to-low transition of the NMIP input, the interrupt logic forces 
execution of the Break (BRK) instruction and subsequent execution from the address vector stored at $FFFC and 
$FFFD. Simultaneous with the execution of the BRK instruction, the Interrupt Disable bit in the Processor Status 
Register is set to disable an IRQ. 


3.2.10.3. IRQ Sequencing 


An IRQ interrupt occurs when the Interrupt Disable (I) bit of the Process Status Register is cleared (0) and IRQ 
has been asserted from the IRQ Interrupt Logic. Upon IRQ interruption, the BRK instruction is forced and 
subsequent program execution begins at the IRQ interrupt service subroutine location specified by the IRQ 
interrupt vector corresponding to the IRQ number (1-6). The IRQ vector is located in one of six locations in ROM 
($FFFO-$FFFB) or one of four locations in RAM ($0102-$0103, $0106-$0107, $0108-$0109, or $010A-$010B). 
The page 1 RAM IRQ vectors are Timer A and Timer B options, respectively. 


The | bit is set to inhibit further IRQ interruption until completion of the IRQ interrupt service subroutine, at which 
time the | bit is automatically cleared by the RTI instruction. The ! bit can also be cleared under program control 
with the CLI instruction. 


For each IRQ that has multiple sources of interruption, the IRQ service subroutine must determine the source of 
the interrupt by examining applicable interrupts flags. The interrupt flag causing the IRQ should also be cleared 
after processing the interrupt and before returning to the interrupted routine. 


3.3. | CLOCK OSCILLATOR 


The Clock Oscillator provides the basic timing signals used by the MCU internal circuits. The reference frequency 
can be supplied by either a parallel resonant crystal or a clock input. The input frequency is divided either by 2 
(C29 only) or by 1 (C39 only) to generate the internal @2 clock. Typical Clock Oscillator input circuits are shown in 
Figure 3-4. 


2 MHZ - 20 MHZ (C29) 
1 MHZ - 10 MHZ (C39) 


2 MHZ - 20 MHZ (C29) 
1 MHZ - 10 MHZ (C39) 


a. Crystal Input b. Clock Input 


414F XTAL Input 


Figure 3-4. MCU Clock Oscillator Input Options 
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3.4. LOW POWER OPERATION 


3.4.1. Low Power Mode (LPM) 


The MCU provides a low power Sleep Mode and the C39 provides both a low power Sleep Mode and an ultra low 
power Stop Mode. Low power operation can be enabled and selected and wake up conditions defined by the host 
using the Low Power Register (LPR) at address $0009 (see Table 3-4). 


3.4.2. Sleep Mode 


The Sleep Mode provides low power consumption during periods of no host/modem interface activity and no 
telephone line activity while the modem internal clock is operating. In this mode, either host/modem or telephone 
line activity can be enabled to wake up the modem for immediate operation. 


Wake up can be enabled to occur upon an edge being detected on PA2 (Ring), PD4 (Host Chip Select) and PDS 
(Host Write Enable), or PAO (Transmit Data), or a low on NMIP. The signals in parenthesis show the typical 
signals connected to the corresponding ports. 


3.4.3. Stop Mode (C39 Only) 
The Stop Mode allows the host to completely turn off microcontroller operation except for wake up capability 


during periods of no modem operation as determined by the host. In the Stop Mode, modem operation is 
available within 12 clock times following wake-up. 


Wake up can be enabled to occur upon a low being detected on PA2 (Ring), PD4 (Host Chip Select) and PD5 


(Host Write Enable), PAO (Transmit Data), PD4 (DTR), or PDS (AL), or a low on NMIP for at least 12 clock times. 
The signals in parenthesis show the typical signals connected to the corresponding port. 
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3.4.4. 


Low Power Reglster (LPR) 


The Low Power Register (LPR) bits are identified in Table 3-4. 


Bits 0: 


Bits 1: 


Bit 2: 


Bit 3: 


Bit 4: 


Bit 5: 


Bit 6: 


Bit 7: 


Low Power Register Wake up | Wake up 
Power Enable Enable 
Mode PAO PD4 (Wrt) 
Enable (Ring) PDS (CS) 


Not Used. 


Wake-Up Enable for PD5 (AL) (C39 Only). This bit, when set to a logic 1, enables the CPU to wake 
up from low power mode when a low is detected on PD5. 


Wake-Up Enable for PD4 (DTR) (C39 Only). This bit, when set to a logic 1, enables the CPU to wake 
up from low power mode when a low is detected on PD4. 


Wake-Up Enable for PA2 (TXD Start Bit). This bit, when set to a logic 1, enables the MCU to wake up 
from low power mode when a low is detected on PA2. 


Wake-Up Enable for PD4 and PD5 (Host Bus Write and MCU Chip Select). This bit, when set to a 
logic 1, enables the MCU to wake up from low power mode when a low is detected on both PD4 and 
PD5. 


Wake Up Enable for PAO (Ring). This bit, when set to a logic 1, enables the MCU to wake up from low 
power mode when a low is detected on PAO. 


Low Power Mode Select (C39 Only). This bit selects the low power mode (0 = Sleep; 1 = Stop) to be 
entered when low power conditions exist and low power mode is enabled by LPR7. 


Low Power Mode Enable. C29: This bit enables or disables the Sleep Mode (1 = Sleep Mode; 0 = 
Normal Mode). 


C39: This bit enables or disables the low power mode selected by LPR6 to be entered when low power 
conditions exist (1 = LPM enabled; 0 = LPM disabled). 
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3.5. IRQINTERRUPT LOGIC 


3.5.1. Interrupt Request (IRQ)Vector and Hardware Priority 


The IRQ Interrupt Logic prioritizes the individual interrupt requests (IRQ1-IRQ6) from the various sources and 
passes a single 1RQ along with an IRQ number (1-6) and the IRQ vector page indicator to the CPU Interrupt 
Logic. Figure 3-5 illustrates the IRQ Interrupt Logic interface. Table 3-5 shows the |RQ interrupt levels, sources 
and vector addresses. 


If simultaneous IRQs occur on IRQ1-IRQ6 lines, the number of the highest priority IRQ (1 = highest) is passed to 
the CPU. When the interrupt flag causing the IRQ is cleared by the IRQ interrupt service subroutine, the IRQ 
number of the highest pending IRQ is then passed. 


The selection of ROM or RAM IRQ interrupt vectors for Timer A (IRQS) and Timer B (IRQ3) is determined by bits 
5 and 6 in the Timer A Mode and Timer B Mode registers, respectively (3.7). 


3.5.2. Break Command Priority Change (C39) 


The BRK instruction in the C39 uses the NMI vector instead of the IRQ6 vector used in the C29. The C39 BRK 
instruction operates as follows: 


BRK Break Command 


Operation: Forced Interrupt Request: PC +1 | ,P | 


The BRK command causes the processor to go through an interrupt request sequence under program 
control. The address in the program counter ( which points to the location of the BRK command + 1) 
is pushed on the stack, along with the processor status at the beginning of the BRK instruction. The 
processor then transfers control to the NMI interrupt vector (FFFC,D). Note that the BRK command 
cannot be masked by setting the | flag. 


Addressing Assembly Language Op No. No. 


Mode Form Code Bytes Cycles 
Implied BRK 00 1 7 
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PD7 +/- Edge Detect 


PA4 +/- Edge Detect 


Timer A ROM 
Vector Select Host Buffer 


Timer B ROM Host M 
Vector Select et Mode, 


Host Line 


Host Divide 


Interrupt IRQ Interrupt Host Flag 1 


Interrupt : 
Vector Logic 
Access Vector 


Host Flag 2 
Timer B 
TXD Buffer Full 
PAS + Edge Detect 
PA1 - Edge Detect 


Timer A 


ROM Vector TXD Status 


Select 
RXD Buffer Empty 


PA7-Edge Detect 


PTGA 


PTGB 


CPU BRK Instr. (C29) 


414F IRQ Sources 


Figure 3-5. IRQ Interrupt Logic Interface 
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Loca Interrupt Vector and Priority Level 
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FIER7 
FIERO, 
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Notes 


EIR7 
FSRO 
RX FIFO Empty (RCEMT) 


FSR7 


RX FIFO Interrupt HCR3 


HCR4 
HCRS5 | HCRO 


a 
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HcR6 | HCRO i a 
— 
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Divisor Latch Write HCRO 
Line Control Register Write 


Mode Control Register Write 
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HCR7 | HCRO 
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FIER7 


C29 only 
C39 only 
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* C39 uses NMI vector (see BRK instruction description). 


TXD Buffer Full 


vi vila alaia 
x1 >] x S15 15 
Ploals ol] wo] > 
Siar ea — | ~ | ~ 
ae ee Ui DI 
a | ~]| Pay ~ 
mj o/Ola 
3 o|S]o 
Zo = = 
< 


vu 


CPU BRK Instruction * 
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3.6. INTERNAL ROM 


The internal Read Only Memory (ROM) usually contains the user's program instructions and other fixed 
constants. These program instructions and constants are mask-programmed during fabrication. 


The internal ROM size is 8192 bytes and is memory mapped from $E000 to $FFFF. 


3.7. INTERNAL RAM 


The internal Random Access Memory (RAM) contains the user program stack and is used for scratch pad 
memory during system operation. This RAM is completely static in operation and requires no clock or dynamic 
refresh. The data contained in RAM is read out nondestructively with the same polarity as the input data. In the 
event that execution stops, RAM data is retained until execution resumes. 


The internal RAM size is 1024 bytes. A block of 128 bytes are assigned to page O ($80 to $FF). Three blocks of 
256 bytes each are assigned to pages 1 through 3 ($100 to $1FF, $200 to $2FF, and $300 to $3FF). A fifth block 
of 128 bytes is assigned to page 4 ($400 to $47F). 


3.8. MEMORY BANKING 
The MCU has a special dual port RAM that allows the user to bank select external memory. See Figure 3-6. The 


dual port bank select RAM consists of 8 bytes of internal RAM shown below from address locations $0018 
through $001F. 


Se ee FT ee ee ee ee 
[esa | esz | est [ eso [ ate | ais | Ata | Ais 


Each time the CPU provides address' AD15, AD14, and AD13 one of the eight BANK select RAM is selected. 


CPU Address Line | BankSelect | Reset 


The device will output active low chip select lines on PB5, PB4, PB3, and PB2 according to the logic-0 bits of the 
selected banking RAM register bits 4 through 7 (ES3, ES2, ES1, and ESO) respectively when its respective port B 
select registers PBS5 = 0, PBS4 = 0, PBS3 = 0, or PBS2 = 0. PB1 outputs active low chip select ES4 for address 
space $0600 to $0800 when PBSi1 = 0. The address space for ES4 is included when bank select RAM 0 is 
selected and PBS1 = 1. 


Dr 
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The device will output address lines A15, A14, and A13 according to the contents of the selected banking RAM 
register bits 2-0 respectively. PBO becomes bit 3 (A16) of the contents of the selected banking RAM register when 
the port B select register PBSO = 0. Address A16 allows addressing 8K memory banks above 64 K of memory. 


The user can alter the contents of each byte of banking RAM by writing to the individual register address or use 
its respective reset value shown above. 


The selected banking RAM's speed choice for chip selects ES3, ES2, ES1, and ESO are reflected in the ESS 
speed register shown below. During power up, bank select 7 is automatically selected with chip select ES3 
running at the highest X1 speed. The user can alter the contents of the ESS register or use the highest X1 speed 
default value shown. 


The following table shows the memory speed selected for the chip selects chosen in the selected banking RAM. 


ESS Speed Control 


| MsB [Ls [Speed 
en a ee 
ae ee ee 
fo. | «| xe 
ea eee Ea 


Priority logic will make the memory speed take on the choice of the highest active chip select ES3, ES2, or ES1 
when two or more are enabled. 


Memory banking is performed using internal address translation using eight Bank Select Registers (3.8.1). Each 
Bank Select Register (BSR) controls the address translation of A[15:13], controls the A16 pseudo-address bit, 
and defines an active bank select from ES[3:0] for a fixed 8k-byte region of linear address. This logic enables 
flexible banking while simultaneously eliminating the need for the external programmable logic device normally 
required to support banking. In addition, stretched internal clock cycles can be assigned independently to each 
BSR chip select range using the ES Speed Register (3.8.2) to allow the use of slower memories. The address 
translation allows several banks with the same logical address range to be physically relocated so that they can 
all reside within the same memory device with different physical address ranges. 


This banking technique becomes more easily understood if one views the addition of A16 and ES[3:0] separately 
from the internal address translation. Although A16 functions identically to ES[3:0] in that it is a manually 
controlled bit in each BSR and drives an external pin, emulation support mandates that this signal not be used as 
a chip select. The new expanded address field A[16:0] maps directly to A[16:0] of a 128K memory device. When 
each ES signal drives the chip enable of a separate 128K memory device, this scheme supports a theoretical 
banked memory of 128K x 4 = 512K bytes. 


The address translation feature does not increase the amount of banked memory beyond this theoretical limit, but 
it allows several banks with the same logical address range to be mapped within the same physical device. 


Note that ESO-ES3 and A16 are Port B special purpose outputs and must be enabled using the Port B Select 
(PBS) register. 


The memory banks are illustrated within the overall memory map in Figure 3-6. The MCU banking logic is shown 
in Figure 3-7. The bank select registers are shown in Table 3-6. 
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Interrupt Vectors FFFF 
Single Byte Subroutines FEFO 
Internal ROM Bank 8K 
Active only Select 7 
when Internal 


TSTP = 1 (01110111)* ROM E000 


Bank Select 6 


(01110110)* 


Bank Select 5 


(01110101)* 


Bank Select 4 


(01110100)* 


Bank Select 3 


(10110011)* 


Bank Select 2 


(10110010)* 


Bank Select 1 


(11010001)* 
Bank Select 0 
(11100000)* 
If PBS1 = 1 
TT 7 TT To il late 
fsa E54 ES] Eso] Atel ats|ata] Ata J 


Bank Select RAM 
* Reset values 


Figure 3-6. Memory Map - RAM Banking 
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AO - A12 
A13 
A14 
> A15 
Addresses $0018 through $001F 


RW 


OUTPUT 
CONTROL 
READ/WRITE 
CONTROL 


DBMO - DBM7 
RESP 


A16 
ESO 
ES1 
ES2 
ES3 
ES4 


PORTB 
SELECT 


ES3 OVER ES2, ES1, ESO 
ES2 OVER ES1, ESO 
ES1 OVER ESO 


PORTB MUX 


< 
= 
S 
am 
E 
am 
O 
a. 


PRIORITY 
LOGIC 


LOW 


SPEED DIV by 4 SGATE 
MEMORY ToC1/C2 
CONTROL Phase Splitter 
MSB- LSB 


8 


Figure 3-7. Banking Logic 
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3.8.1. Bank Select Register (BSR) 


Table 3-6. Register Bit Ass! 


et oe eee | en eee eee er eeeT 
id nie ee a ee ee ee 


0018 Bank Select Register 0 ES3 (0) | ES2 (0) Eso(o) | A160) | At5(0) | A14(0) | A13 (0) 
(BSRO) 
Bank Select Register 1 ES3 (1) | ES2 (1) Eso(1) | A1e(1) | Ats(1) | At4qay | A131) 
(BSR1) 
001A Bank Select Register 2 ES3 (2) | ES2 (2) Eso (2) | A16(2) | A15(2) | At4 (2) 
(BSR2) 
1B Bank Select Register 3 ES3 (3) Eso(3) | A16(3) | A15(3) | A14(3) | A13(3) 
(BSR3) 
ch aad 
SR 
SR6) 


nments - Bank Select Register | (BSRI) - 0018h-001Fh 


=} 


} 


1c Bank Select Register 4 ES3 (4) ES2 (4) 
(BSR4) 

1D Bank Select Register 5 eee ES2 (5) | ES1(5) | ESO) | Ate) | A156) | A146) 
(BSRS) 


8 


OO1E Bank Select Register 6 ES3 (6) | ES2(6) | ES1 ©) ee Ai6(6) | A15(6) | A14@) | A136) 
‘8 

ew Bank Select Register 7 Es3(7) | Es2(7) | ES1@ | Eso(7) | ate) | ats() 
(BSR7) 


Bits 0-3: A13 (I) - A15(i). Address Translation Bits for Bank I. 

Bits 4-7: ESO(I) - ES3(i). Memory Bank Select for Bank i. 

Notes: 

1. When 0 is not present in BSR7 (ES3 to ESO), the internal ROM is enabled. This allows a bootstrap routine in 
internal ROM to be run, e.g., to configure the ES Speed register to select the effective clock width during 
external memory access. When the internal ROM is enabled, the external transceivers are disabled for 
addresses within the BSR7 range. 


When the TST pin is disabled, the internal ROM is enabled until a new value is written into BSR7. 
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3.8.2. ES Speed Register 


The ES Speed register at address $0033 (Table 3-7) selects the number clock times that the internal clock is 
stretched during a memory access in an address range corresponding to an ESO-ES3 chip select. 


Table 3-7. Register Bit Assignments - ES Speed Register - 0033h 


a eee, | eee 
ares SS eS ee eee ee ees es ee ee ee ee ee ee 
Fooes | eS Speed ESS J eer] eooo | esea_| eco | esr roro | es01 | e500 | 


Default = $00 (X1 - 1 clock time selected.) 


Bits 0-1: Chip Select 0 (ESO) Effective Clock Width. These two bits select the number of clock times that the 
internal clock is stretched during a memory access when the ESO chip select is active. 


Bit 1 (ESO-1) Bit 0 (ESO-0) Effective Clock Width 
0 0 X1 - 1 clock time 
0 1 X2 - 2 clock times 
1 0 X3 - 3 clock times 
1 1 X4 - 4 clock times 


Bits 2-3: Chip Select 1 (ES1) Effective Clock Width. These two bits select the number of clock times that the 
internal clock is stretched during a memory access when the ES1 chip select is active. 


Bit3 (ES1-1) Bit 2 (ES1-0) Effective Clock Width 
0 0 X1 - 1 clock time 
0 1 X2 - 2 clock times 
1 0 X3 - 3 clock times 
1 1 X4 - 4 clock times 


Bits 4-5: Chip Select 2 (ES2) Effective Clock Width. These two bits select the number of clock times that the 
internal clock is stretched during a memory access when the ES2 chip select is active. 


BitS (ES2-1) Bit 4 (ES2-0) Effective Clock Width 
0 0 Xi - 1 clock time 
0 1 X2 - 2 clock times 
1 0 X3 - 3 clock times 
1 1 X4 - 4 clock times 


Bits 6-7: Chip Select 3 (ES3) Effective Clock Width. These two bits select the number of clock times that the 
internal clock is stretched during a memory access when the ES3 chip select is active. 


Bit 7 (ES3-1) Bit 6 (ES3-0) Effective Clock Width 
0 0 X1 - 1 clock time 
0 1 X2 - 2 clock times 
1 0 X3 - 3 clock times 
1 1 X4 - 4 clock times 
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3.9. PARALLEL INPUT/OUTPUT PORTS 


The MCU parallel input/output interface consists of five 8-bit ports: A, B, C, D, and E. Port E is available only on 
80-pin POFP and 84-pin PLCC packages. 


Ports A, C and E contain 24 bidirectional lines with the data direction determined by the direction registers. Port D 
has 4 bidirectional lines (0-3) with the data direction determined by its direction register, and 4 input only lines (4- 
7). Port B supports 8 output-only lines. 


All port lines can be used for general purpose functions. Thirty two I/O lines can be assigned special functions 
under software control. The special purpose and mask option functions of the port lines are identified in Table 3-8. 
Table 3-9 further defines the special purpose applications along with software control and direction register 
requirements. Port read and write timing is described in Section 5. 


Output Mode. The data written to each output pin is loaded into an output data latch. The data will remain in the 
output latch until new data is written to the port address or until power is removed. The output latches are 
individually connected to output drivers. The output drivers are double-ended, push-pull type. The drivers force 
the output pins high (2 2.4V) if the output data bit is a logic 1, or low (s0.4V) if the output data bit is a logic 0. The 
output drivers are TTL compatible. 


Input Mode. For each input port line, either permanently or direction register assigned as an input, the data is 
sampled by an input synchronizer. A low input level (<0.8 v) is interpreted as a logic 0 and a high input level 
(22.0 V) is interpreted as a logic 1. Input data is sampled during internal C2 clock time and then temporarily held 
from C1 to C1 clock time. When the CPU reads the input port, the data is transferred to the CPU during C2 time 
and represents data sampled during the previous C2 time. 


Table 3-8. I/O Port Special Purpose Functions 


ieee cea eg ee ON ee ee ee 

pone a ee 
CR 600 
EN 6 CO 0 0 
Fn CC 

[none | 


TXCLK/+Edge/HTACKP (C39) 


2 
Case ese 
WE eetcecotedl a, 
ieee - 
==} 


HCSP/ 
LPWU DTR/ 
LPWU HBW 


REXD/TXRDY (C39) HWTP/ 
LPWU AL/ 
LPWU HBW 


RXD/RXRDY (C39) 
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Table 3-9. I/O Port Special Purpose Function Control 


FS a a ee 
Port Line Option Selected b Vo Register 


PAO TIMA - Timer A Pulse Generator Output TAM1 = 0, TAMO = 1 PADO = 1 
TAM1 = 1, TAMO = 0 PADO =0 


Ca 
| 
TAM1 = 1, TAMO = 1 ia PADO = 0 
al 
esa 


TIMA - Timer A Event Counter Input 
TIMA - Timer A Pulse Width Measurement Input 
RING - Ring Detect Input LPR5 =1 PADO = 0 


CTSP - USART TXD Sync to Falling Edge SMR6 = 1, SMR1 = 1 PADO = 0 


PAI TXDE - USART PA1 Output Copies PA2 Input lsF7=1 = a sists PAD1 = 1 
PA1 - Negative Edge Detect vo | PAD1=xX 
PA2 TXD - USART Serial Input IsMRé=1 = sts PAD =0 
aa creer Cr De ee 
PA3 TXCLK - USART Internal Timing Pf Pa = 1 

TXCLK - USART External Timing ee ee eee 

TXCLK - USART Copy TXCLK (PA4) 

PAS - Positive Edge Detect 

HTACKP - TX Acknowledge Input (C39) 


U 


AD4 =0 
AD4 = X 


PA4 TXREF - External Clock Input SMR4 = 1 and SMR2 = 1 Ma 
None, see IER6 
RLSDP USART RXD Sync to Falling Edge SMR7 = 1, SMR1 = 1 AD4 = 0 
HRACKP - 16550A RX Acknowledge Input (C39) HCR2 = 1 (C39) PAD4 =0 


==) 
(eal 
PAS REXD - USART Serial Input SM7 = 1, SF5 = 0, SF6 = 1 i) PADS = 0 
al 
Fil 


PA4 - Positive and Negative Edge Detect 


viv 


TXRDY - TX Ready Output (C39) HCR2 = 1 (C39) 
PA6 RXD - USART Serial Output SMR7 = 1 

AXRDY - RX Ready Output (C39) HCR2 = 1 C39) ey PAD6 = 1 
PA7 RXCLK - RXD Serial Output Clock SMR7 = 1, SMR4 = 1 fo | PAD? =1 
el 


PA7 - Falling Edge Detect 


PADS = 1 
PAD6 = 0 


None, see SIRS PAD7 = X 


Port B 
[Pet es+-EnomalBuschpseet _———SS—~=dPastwo «dO 
[pax Ese EnomalBus chp Sees ———=«zase=oSSSS=«dO_ 
[pes E52 Evora Bus chip Set ——SCS~wrP SO SSC«*dO 
[Per [eSt-exomalbuschset —_———«dPaseno «dO 
[pas | e80-Enemal Bus chipset ——~S~S~*wrP SEO SSSC«*tO_ 
738 [HOS-HestBusDiverDsabe__—_—_—=~SCSC~*id BGO ___—_—~d;O_ 
==) 
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Table 3-9. I/O Port Special Purpose Function Control (Cont'd 


Fe a am roa FY 
Option Selected b Vo Register 


HDO - Host Bus Data Line 0 HCR2 = 1 VO | Controlled by 
HD1 - Host Bus Data Line 1 HWTP and 
HD2- Host Bus Data Line 2 HRDP 

P 


C3 HD3- Host Bus Data Line 3 
HCR2 = 1 N/A 
HCR2 = 1 
HCR2 = 1 
HCR2 = 1 and HCR1 =1 


C4 

HCR2 = 1 Input Only 
LPR2 = 1 

LPR4 = 1 

HCR2 = 1 

LPR4 = 1 

HCR2 = 1 

None, see IER5 


HD4- Host Bus Data Line 4 
HDS5- Host Bus Data Line 5 
HD6- Host Bus Data Line 6 
HD7- Host Bus Data Line 7 


C5 
Cé 
C7 


HAO - Host Bus Address Line 0 

HA1- Host Bus Address Line 1 

HA2- Host Bus Address Line 2 

HA3- Host Bus Address Line 3 

HCSP- Host Bus Chip Select 

LPWU - PD4 Low (DTR) 

LPWU HBW - PD4 and PD5 Low (HB Write) 
HWTP - Host Bus Write Enable 

LPWU AL - PDS Low (AL) 

LPWU HBW - PD4 and PD5 Low (HB Write) 
HRDP - Host Bus Read Enable 


PD7 PA7 Falling or rising edge detect 


os SS 
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3.9.1. Bidirectional Ports A, C, and E 


Ports A, C, and E consist of 24 general purpose bidirectional input/output lines. The data direction for each I/O 
line is controlled by an associated direction register bit. For each direction register bit that is a logic 1, the 
corresponding port line is an output. Conversely, a 0 in a direction register bit defines the corresponding port line 
as an input. The direction register bits are initialized to a O by reset causing the I/O ports to be inputs. 


All port A, and C lines can be assigned to special purpose functions during operation under software control. The 
port A lines can be assigned to special functions under software control (Tables 3-8 and 3-9). PA3 and PA7 have 
associated edge detect logic that can generate an IRQ interrupt . 


Seven port B lines can be assigned to special functions under software control and one line can be permanently 
masked to a special function (Tables 3-8 and 3-9). PB2 and PB3 have associated edge detect logic that can 
generate an IRQ interrupt. 


All eight port C lines can be assigned to host bus data lines under software control (Tables 3-8 and 3-9). 


3.9.2. Bidirectional and Input Only Port D 


The eight port D lines are grouped as four general purpose bidirectional input/output lines and as four input only 
lines (Tables 3-8 and 3-9). PD7 has associated edge detect logic that can generate an IRQ interrupt. Seven lines 
(PDO-PD6) can be assigned by software as host bus address and control line inputs (3.11). The direction register 
control bits for port D must be set high (1) for output and low (0) for input. The direction register control bits are 
initialized to 0 by reset. 


3.9.3. Output Port B 


The 8 port B lines (PBO-PB7) are general or special purpose output only (Table 3-8). Lines PBO-PB5 can be 
assigned to A16 address line and the ESO-ES4 chip select functions controlled by the Bus Select Registers and 
PB6 and PB7 can be assigned to HDIS and HINT functions (see Table 3- 9). Port B output latches are initialized 
low upon reset. The Port B output drivers tri-state (float) during reset active low. 
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3.9.4. Port B Select Register (PBS) 
The Port B Select Register (PBS) bits are identified in Table 3-10. 


7 
Port B Select (0-7) PBS7 PBS6 PBS5 PBS4 PBS3 PBS2 PBS1 
0-- HINT | 0--HDIS | 0-- ESO 0-- ES1 0-- ES2 0-- ES3 0-- ES4 = 
1-- PB7 1-- PB6 1-- PBS 1-- PB4 1-- PB3 1-- PB2 1-- PBI 1-- PBO 


Bit 0: PBO /A16 Select. Selects the general purpose or special purpose function for port PBO. 


0=A16 
1 = PBO 


Bit 1: PB1 /ES4 Select. Selects the general purpose or special purpose function for port PB1. 


0=ES4 
1= PBI 


Bit 2: PB2 /ES3 Select. Selects the general purpose or special purpose function for port PB2. 


0=ES3 
1 = PB2 


Bit 3: PB3/ES2 Select. Selects the general purpose or special purpose function for port PB3. 


0=ES2 
1=PB3 


Bit 4: PB4/ES1 Select. Selects the general purpose or special purpose function for port PB4. 


0=ES1 
1 = PB4 


Bit 5: PB5/ESO Select. Selects the general purpose or special purpose function for port PB5 


0=ESO 
1=PB5 


Bit 6: PB6 /HDIS Select. Selects the general purpose or special purpose function for port PB6. 


0=HDIS 
1 = PB6 


Bit 7: PB7/HINT Select. Selects the general purpose or special purpose function for port PB7. 


0 = HINT 
1 = PB7 
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3.9.5. External Interrupt Register (EIR) 


The External Interrupt Register (EIR) enables and reports interrupts associated with ports PA1, PA4, and PD7 
(Table 3-11). All bits are cleared to zero by reset. The CPU can set or reset bits 0-4 by writing to address $000A. 
Bits 5-7 are cleared by writing a 0 to the corresponding bit position in the CIR. The CPU can monitor all bits by 
reading address $000A. 


Table 3-11. External Interru 


t Register (EIR) - $000A 


ow ee | 
ae a ae ee ee ee ee es ee ee ee 


External Interrupt Register External External External | External External External Edge Edge 
(EIR) 


Interrupt | Interrupt | Interrupt | Interrupt Interrupt Interrupt Detect Detect 
Flag Flag Flag Enable Polarity Polarity 
PA1 PA4 PD7 PAI PA4 PD7 


(IRQS) O=| Edge | 0=| Edge 
1=f Edge | 1=tf Edge 


Bit 0: PD7 Positive Edge Detect. This bit controls the edge detection polarity on PD7 (0 = negative or falling 
(high-to-low) edge; 1 = positive or rising (low-to-high) edge). 


Bit 1: PA4 Positive Edge Detect. This bit controls the edge detection polarity on PA4 (0 = negative or falling 
(high-to-low) edge; 1 = positive or rising (low-to-high) edge). 


Bit 2: PD7 Interrupt Enable. This bit controls the assertion of IRQ1 when EIRS is set to a logic 1 (0 = disable 
assertion; 1 = enable assertion). 


Bit 3: PA4 Interrupt Enable. This bit controls the assertion of IRQ2 when EIR6 is set to a logic 1 (0 = disable 
assertion; 1 = enabie assertion). 


Bit 4: PA1 Interrupt Enable. This bit controls the assertion of IRQ5 when EIR7 is set to a logic 1 (0 = disable 
assertion; 1 = enable assertion). 


Bit 5: PD7 Interrupt Flag. This bit is set to a logic 1 when a positive (EIRO = 1) or negative (EIRO = 0) edge is 
detected on PD7. This bit is cleared by writing a logic 0 to CIRS5. 


Bit 6: PA4 Interrupt Flag. This bit is set to a logic 1 when a positive (EIR1 = 1) or negative (EIR1 = 0) edge is 
detected on PA4. This bit is cleared by writing a logic 0 to CIR6. 


Bit 7: PA1 Interrupt Flag. This bit is set to a logic 1 when a negative edge is detected on PA1. This bit is 
cleared by writing a logic 0 to CIR7. 
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3.9.6. Clear Interrupt Register (CIR) 


The Clear Interrupt Register (CIR) at address $000B (Table 3-12) is used to clear five interrupt flags (PA3, PA7, 
PD7, PA4, and PA1), set the base address for extended page 0 RAM access, and set the fast/slow operation of 
ES4 expansion bus addressing. CIRO, CIR1 and CIR2 are initialized to 0 by reset. 


Clear Clear 


Interrupt | Interrupt 

Flag 

PA1 Bit 1 (Cl1) | Bit 0 (CIO) 
(EIR7) 


Bits 0-1: Extended Page 0 RAM Segment Select. These bits establish the base address in page 1 for mapping 
the 64-byte page 0 RAM. The page 0 address is $0040-$007F. Except for managing these two base 
address bits, the page 1 mapping is transparent to the application software. This allows up to four page 
0 segments (256 bytes total - stack allowance) to be accessed using short page 0 addressing 
instructions. Allowance must be made for the number of items that can be placed in the stack (normally 
starting at $01FF and working downward). These bits can be set or reset by the CPU writing to address 
$000B. They can be monitored by the CPU reading address $000B. Reset initializes both bits to zero. 


Bit 1 Bit 0 Page 1 Base Address 
0 0 $0100 
0 1 $0140 
1 0 $0180 
1 1 $01C0 


Bit 2: ES4 Expansion Bus FAST Memory Cycle. Enables ES3 Expansion Bus Addresses and ES4 
Expansion Bus Addresses to operate in a fast 2 memory cycle. When CIR2 is a logic 0 ES3 expansion 
bus addresses and the top half of ES4 expansion bus addresses operate at slow speed requiring two 
@2 cycles per memory operation. This bit can be set or reset by the CPU writing to address $000B. The 
CPU can monitor the bit by reading address $000B. The bit is initialized to zero by reset. 


Bit 3: Clear PAS Interrupt Flag. Writing a logic 0 to this bit position resets the PA3 Interrupt Flag (SIR6) toa 
logic 0. Writing a logic 1 to this bit position has no effect. Reading this bit position always returns a 1. 


Bit 4: Clear PA7 Interrupt Flag. Writing a logic 0 to this bit position resets the PA7 Interrupt Flag (SIR5) toa 
logic 0. Writing a logic 1 to this bit position has no effect. Reading this bit position always returns a 1. 


Bit 5: Clear PD7 Interrupt Flag. Writing a logic 0 to this bit position resets the PD7 Interrupt Flag (EIR5) toa 
logic 0. Writing a logic 1 to this bit position has no effect. Reading this bit position always returns a 1. 


Bit 6: Clear PA4 Interrupt Flag. Writing a logic 0 to this bit position resets the PA4 Interrupt Flag (EIR6) to a 
logic 0. Writing a logic 1 to this bit position has no effect. Reading this bit position always returns a 1. 


Bit 7: Clear PA1 Interrupt Flag. Writing a logic 0 to this bit position resets the PA1 Interrupt Flag (EIR7) toa 
logic 0. Writing a logic 1 to this bit position has no effect. Reading this bit position always returns a 1. 
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3.10. COUNTER/TIMERS 


There are two separate 16-bit counter/timer systems in the MCU: Counter/Timer A (called Timer A) and 
Counter/Timer B (called Timer B). Timer A operates in one of four modes and can drive an output port. Timer B 
operates only in the interval timer mode with no output port option. Otherwise, operation of the two counter/timers 
is similar except for register addresses, the generated IRQ (and priority level) and the interfacing I/O port. The 
operation of Timer A is described in detail followed by a description of Timer B differences. Block diagrams of 
Timer A and Timer B are shown in Figures 3-8 and 3-9, respectively. 


A divide-by-32 counter connected to @2 clock is shared by both timers. The counter provides a @2/32 clock that 
can be individually selected by each timer. 


3.10.1. Timer A Registers 


Timer A is composed of a 16-bit latch, a 16-bit counter and an 8-bit snapshot register (Figure 3-8). The latch 
consists of two 8-bit registers, Timer A Upper Latch (TAUL) and Timer A Lower Latch (TALL). The counter also 
consists of two 8-bit registers, Timer A Upper Counter (TAUC) and Timer A Lower counter (TALC). The snapshot 
register is referred as Timer A Snapshot (TAS). Timer A operation is controlled and monitored using the Timer A 
Mode Register (Table 3-13). 


TALL is loaded by the CPU writing to address $0011. TAUL can be loaded by writing to either $0012 or $0013. 
When the CPU writes to address $0013, the contents of TALL and TAUL are also downloaded into TALC and 
TAUC, respectively, and the Timer A Interrupt Flag (TAM7) is cleared. The contents of TALC can be monitored at 
any time by reading $0011. Reading $0011 also causes the contents of TAUC to transfer into TAS. The contents 
of TAS can be monitored by reading either $0012 or $0013. 


When Timer A underflows, the Timer A Interrupt Flag bit in the (TAM7) is set to a logic 1. This bit can be used to 
assert IRQS. 


3.10.2. Timer B Registers 


Timer B is to Timer A except only the interval timer mode is supported (Figure 3-9). Timer B registers are located 
at $0014-$0017. When the Timer B Underflow Flag is set (TBM7) and enabled (TBM5 and TBM6), IRQ3 is 
asserted. Timer B interfaces with I/O port PBO rather than PAO. 


Timer B is composed of a 16-bit latch, a 16-bit counter and an 8-bit snapshot register. The latch consists of two 8- 
bit registers, Timer B Upper Latch (TBUL) and Timer B Lower Latch (TBLL). The counter also consists of two 8-bit 
registers, Timer B Upper Counter (TBUC) and Timer B Lower counter (TBLC). The snapshot register is referred 
as Timer B Snapshot (TBS). 


TBLL is loaded by the CPU writing to address $0015. TBUL can be loaded by writing to either $0016 or $0017. 
When the CPU writes to address $0017, the contents of TBLL and TBUL are also downloaded into TBLC and 
TBUC, respectively, and the Timer B Interrupt Flag (TBM7) is cleared. The contents of TBLC can be monitored at 
any time by reading $0015. Reading $0015 also causes the contents of TBUC to transfer into TBS. The contents 
of TBS can be monitored by reading either $0016 or $0017. 


When Timer B underflows, the Timer B Interrupt Flag bit in the (TBM7) is set to a logic 1. This bit can be used to 
assert IRQ3. 
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DATA BUS (8) 


Int Enable 
PAO Enable 


1. Download TAUL and 
TALL to TAUC and TALC 
on write. 


2. Clear Interrupt Flag. 


DATA BUS (8) 414F Timer A 


Figure 3-8. Counter/Timer A Block Diagram 


DATA BUS (8) 


1. Download TBUL and 
TBLL to TBUC and TBLC 
on write. 
$0016-R 
2. Clear Interrupt Flag. $0017-R? 


DATA BUS (8) 


414F Timer B 


Figure 3-9 . Counter/Timer B Biock Diagram 
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3.10.3. Timer A Mode Register (TAM) 


The Timer A Mode Register (TAM) selects the Timer A operating mode selection, and controls and reports the 
Timer A interrupt (Table 3-13). Bits 0-2, 5, and 6 are cleared to zero by reset, and can be reset or set by the CPU 
writing to address $0010. Bits 0-2, and 5-7 can be read by the CPU. 


Timer A Mode (TAM) Timer A Timer A i Timer A 
Interrupt | Interrupt Div by 32 


Flag Enable Prescale 


[cont [| TmerAtowortaich | aaa? | dae | caes | cana] cotad | cae | cai | cato | 
Foor [ TimerAUppertaicn | datas | dataia | datara | datet2 | datat1 | data0 | caao | camo | 
Poors | Timer AUppertaten | datais | datara | datara | data | atart | ataro | cams | cae | 


Bits 0-1: Timer A Mode Select. These two bits select the Timer A operating mode. The interval timer mode is 
selected upon reset since these bits are reset to logic 0. 


Bit 1 Bit oO Mode 
0 0 Interval Timer 
0 1 Pulse Generator 
1 0 Event Counter 
1 1 Pulse Width Measurement 


Bits 2: Timer A Divide by 32. When set to a logic 1, the Timer A 2 clock is divided by 32. When reset to a 
logic 0, the Timer A @2 clock is not divided by 32. 


Bits 3-4: Not used. 

Bit 5: Timer A IRQ5 RAM Vector Enable. When this bit is a logic 1 and the Timer A Interrupt Enable (TAM6) 
is a logic 1, IRQ5 is asserted through the Timer A IRQ5 RAM vector. When this bit is a logic 0 and the 
Timer A Interrupt Enable (TAM6) is a logic 1, IRQS is asserted through the Timer A IRQ5 ROM vector. 


Bit6: Timer A Interrupt Enable. When bit 6 is a logic 1, IRQ5 is asserted when the Timer A Interrupt Flag 
(TAM7) is set to a logic 1. When this bit is a logic 0, IRQS will not be asserted based on TAM7. 


Bit 7: Timer A Interrupt Flag. This bit is set to logic 1 when the Timer A counter underflows, i.e., decrements 
from 0 to - 1 (0000 to $FFFF). Reading or writing $0013 clears the Timer A Interrupt Flag (TAM7). 
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3.10.4. Timer B Mode Register (TBM) 


The Timer B Mode Register (TBM) controls and reports the Timer B interrupt (Table 3-14). Bits 0-2, 5, and 6 are 
cleared to zero by reset, and can be reset or set by the CPU writing to address $0014. Bits 0-2, and 5-7 can be- 
read by the CPU. 


Table 3-14. Register Bit Assi 


i he ONS ee a = et] 
are ee ee ee ee ee ee 


Timer B Mode (TBM) Timer B Timer B Timer B Not Used Timer B 
Interrupt Interrupt Vector Div by 32 
Flag Enable Select Prescale 


[oor | Timer BUppertaicn | catars | dala 4 | dataro | catare | catatt | catat0 | cone | caus | 


nments - 0014h - 0017h 


Bits 0-1: Not Used. 


Bits 2: Timer B Divide by 32. When set to a logic 1, the Timer B a2 clock is divided by 32. When reset to a 
logic 0, the Timer B @2 clock is not divided by 32. 


Bits 3-4: Not used. 

Bit 5: Timer B IRQ3 RAM Vector Enable. When this bit is a logic 1 and the Timer B Interrupt Enable (TBM6) 
is alogic 1, |RQ3 is asserted through the Timer B |RQ3 RAM vector. When this bit is a logic 0 and the 
Timer B Interrupt Enable (TBM6) is a logic 1, IRQ3 is asserted through the Timer B |RQ3 ROM vector. 


Bit 6: Timer B Interrupt Enable. When bit 6 is a logic 1, IRQ3 is asserted when the Timer B Interrupt Flag 
(TBM7) is set to a logic 1. When this bit is a logic 0, IRQ3 will not be asserted based on TBM7. 


Bit 7: Timer B Interrupt Flag. This bit is set to logic 1 when the Timer B counter underflows, i.e., decrements 
from 0 to - 1 (0000 to $F FFF). Reading $0017 clears the Timer B Interrupt Flag (TBM7). 


——— rr 
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3.10.5. Timer Modes 


Since mode operation of both counter/timers is similar, mode operation is described for Timer A with Timer B 
operation indicated in parentheses. The waveforms for the four timer modes are illustrated in Figures 3-10 
through 3-13. 


3.10.5.1. Mode 0 - Interval Timer 


Writing to TAUL (TBUL) transfers the 16-bit latch value to the counter. The counter counts down at the @2 or 
@2/32 rate. When the counter counts through zero, the TAIF (TBIF) is set to a 1, the value in the latches is 
transferred to the counter and the counter continues to count down. (See Figure 3-10.) 


3.10.5.2. Mode 1 - Pulse Generation 


The PADO (PBDO) direction register bit must be set to a 1 to establish PAO (PBO) as an output pin before starting 
this mode. Writing to TAUL (TBUL) forces the PAO (PBO) output low and starts the timer. Each time the timer 
counts through zero, the PAO (PBO) output changes state to generate a square wave at a rate dependent upon 
the value loaded into the latches. The timer counts at either the @2 or 2/32 rate. Each time the counter counts 
through zero, the latch values are automatically transferred to the timer registers and the TAIF (TBIF) is set to a 1. 
(See Figure 3-11.) 


3.10.5.3. Mode 2 - Event Counter 


The PADO (PBDO) direction register bit must be set to 0 to establish PAO (PBO) as an input pin. The TAM2 
(TBM2) clock divide-by-32 bit must be set to a 0 to select divide-by-1. The counter is initialized with the latch 
value when the TAUL (TBUL) value is written to address $0013 ($0017). The timer decrements by 1 at each 
positive transition on input port PAO (PBO). TAIF (TBIF) is set to a 1 when the counter counts through zero. At the 
same time the latch value is reloaded into the counter. The maximum rate of the signal of PAO (PBO) is one-half 
the timer clock rate. (See Figure 3-12.) 


3.10.5.4. Mode 3 - Pulse Width Measurement 


The PADO (PBD0O) direction register bit must be set to an 0 to establish PAO (PBO) as an input pin. Writing to 
TAUL (TBUL) at $0013 ($0017) transfers the 16-bit latch value to the counter. The value in the timer is 
decremented at the 02 or 92/32 rate when the PAO (PBO) signal is low. Each time the PAO (PBO) signal goes 
high, the counter stops and then continues when the signal is low again. If the counter counts through zero, TAIF 
(TBIF) is set to a 1 and the latch value transfers to reinitialize the counter. The countdown continues as long as 
PAO (PB0) is low. (See Figure 3-13.) 
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Figure 3-10. interval Timer (Mode 0) Waveforms 
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Figure 3-11. Pulse Generator (Mode 1) Waveforms 
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Figure 3-12. Event Counter (Mode 2) Waveforms 


g2 
OR ¢2=32 


PAO (TIMER A) 


Figure 3-13. Pulse Width Measurement (Mode 3) Waveforms 
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3.11. PRECISION TIME GENERATORS 

There are two identical 17-bit precision time generators: Precision Time Generator A (PTGA) and Precision Time 
Generator B (PTGB). Each PTG can be used for such functions as timing event interrupts, generating an external 
pulse train or as a source for synchronous USART timing. 

Only PTGA is discussed in detail since both precision timer generators are identical in structure. Only the 


differences in I/O port addresses and IRQ interfaces are described. Block diagrams of PTGA and PTGB are 
shown in Figures 3-14 and 3-15, respectively. 


3.11.1. Precision Time Generator A 


PTGA consists of five 8-bit registers and a 17-bit pulse accumulator (Figure 3-14). The three input registers— 
PTGA Buffer (PAB), PTGA Lower Latch (PALL) and PTGA Upper Latch (PAUL)—are ali 8-bit. There are two 
output registers: an 8-bit PTGA Lower Residue (PALR) and a 9-bit PTGA Upper Residue (PAUR). The PTGA 
Accumulator (PAAC)is 17-bits long. Operation is controlled by the PTGA Mode Register (PAM) located at $0034. 
The CPU can read or write the contents of PAB using address $0035. The CPU can read or write the contents of 
PAUL at either address $0036 or $0037. Whenever the CPU writes to $0036 or $0037 the contents of PAB are 
transferred to PALL. This allows a simultaneous 16-bit update of the input latches. The 17th input bit to the pulse 
accumulator is always a logic 0. When the CPU writes to address $0037, PAB is transferred to PALL and the new 
contents of PALL and PAUL are downloaded into PALR and PAUR, respectively, and the most significant bit of 
PAUR is set to a logic 0. This feature is particularly helpful during testing. 
Operation of the precision time generator is governed by the equation: 

Rate = Latch*(@2/217) 
where: 

Rate = Pulse rate in Hz 

Latch = Latch value 

@2 = Internal clock rate in Hz 
For example, if @2 = 4 MHz and the latch is loaded with 7550 ($107E), the resulting rate is 230408 Hz. 
Conversely. the latch value can be computed using the equation 

Latch = Rate*(217/@2) 


For example, if the desired rate = 342857 Hz, #2 = 6 MHz, the required latch value is 7489.8 ($1D42). 
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17-Bit Accumulator 
(PAAC) 


1. Download PAB to PALL on write only. 
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3. Zero PTGA interrupt flag on R/W. 


4. Bit 7 is read only. 
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2. Download PBB to PBLR and PBUL to PBUR on write only. 


: PTGB int t fi RW. 
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Figure 3-15. Precision Time Generator B Block Diagram 
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3.11.2. _PTGA Mode Register (PAM) 


The PTGA Mode Register (PAM) selects the PTGA timer and port options, and controls and reports the PTGA 
interrupt (Table 3-15). Bits 0, 1, and 6 are cleared by reset and can be set to a logic 1 or 0 by writing to address 
$0037. All bits can be read by the CPU. 


Table 3-15. Re 


ee SN a ee 
el ete a es ee ee ee ee ee 


Precision Time Generator A PTGA PTGA Not Used PTGA 
(PTG A) Mode (PAM) Interrupt | Interrupt ‘ 
Flag Enable 


Bit 0: PTGA Timer Mode Select. When set to a logic 1, PTGA operates as a timer. When set to a logic 0, 
PTGA operates as a precision time generator. 


Ister BIt Assignments - PTGA - 0034 


Bit 1-5: Not used. 


Bit 6: PTGA Interrupt Enable. When bit 6 is a logic 1, IRQ6 is asserted when the PRM A Interrupt Flag 
(PAM7) is set to a logic 1. Note that PTGB can also generate IRQ6. If both precision time generator 
interrupts are enabled, the IRQ6 interrupt service subroutine should examine the interrupt flag bit in 
both PTGA and PTGB mode registers to determine the IRQ6 source. 


Bit 7: PTGA Interrupt Flag. This bit is set to logic 1 when the PTGA accumulator overflows. Reading or 
writing to address $0037 clears the PTGA Interrupt Flag (PAM7). Bit 7 is read only. 
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3.11.3. Precision Time Generator B 
PTGB consists of five 8-bit registers and a 17-bit pulse accumulator (Figure 3-15). The three input registers— 
PTGB Buffer (PBB), PTGB Lower Latch (PBLL) and PTGB Upper Latch (PBUL)—are all 8-bit. There are two 


output registers: an 8-bit PTGB Lower Residue (PBLR) and a 9-bit PTGB Upper Residue (PBUR). The PTGB 
Accumulator (PBAC) is 17-bits long. Operation is controlled by the PTGB Mode Register (PBM) located at $000F. 


Operation of PTGB is identical to PTGA with the exception of register addresses, and the port B interface line 
(Figure 3-15). 


3.11.4. PTGB Mode Register (PBM) 


The PTGB Mode Register (PBM) selects the PTGB timer and port options, and controls and reports the PTGB 
interrupt (Table 3-16). Bits 0, 1, and 6 are cleared by reset and can be set to a logic 1 or 0 by writing to address 
$001C. All bits can be read by the CPU. Bit 7 is read only. 


Table 3-16. Register Bit Assignments - PTGB - 000Ch 


st.| __rncton es CSG 
Precision Time Generator B PTGB PTGB Not Used PTG B 

(PTG B) Mode (PBM) ee Interrupt 

Enable 


Bit 0: PTGB Timer Mode Select. When set to a logic 1, PTGB operates as a timer. When Set to a logic 0, 
PTGB operates as a precision time generator. 


Bit 1-5: Not used. 


Bit 6: PTGB Interrupt Enable. When bit 6 is a logic 1, IRQ6 is asserted when the PRM B Interrupt Flag 
(PBM7) is set to a logic 1. Note that PTGA can also generate IRQ6. If both precision time generator 
interrupts are enabled, the IRQ6 interrupt service subroutine should examine the interrupt flag bit in 
both PTGA and PTGB mode registers to determine the IRQ6 source. 


Bit 7: PTGB Interrupt Flag. This bit is set to logic 1 when the PTGB accumulator overflows. Reading or 
writing to address $001F clears the PTGB Interrupt Flag (PBM7). 


3.11.5. Example Rates 


Some examples of standard rates are shown in Table 3-17. 


Table 3-17. PTGA or PTGB Generated Standard Data Rates 

| O2=6MHz | 2 =BMHz | 2 10MHz 
Rate | Latch (Hex) | ___Actual__| Latch (Hex) | ___Actual__| Latch (Hex) | _—Actual_| 
Psvekhe | st27__| sveooosHz | 2eDd | svsvaa77rz | | CS 
[s00KHz | 2AAB | s0001526Hz | 2000 | sooo000oHz | —=—=S«d[ SC SC 
[250KHz | 1555 | easgea74Hz | 1000 | esco0n00Hz | —=«4it| Sia Cd 
Pzsoakhe | 1309 | 2e0s0246H2 | oEBF | asoaor7iHe | —+(| si ——* 
[200kHz | 1111 | 1eeaeeesHz | ocop | 2oooraziHz | S| Si —C*d 
PfooKHz | 0889 | roo0z1.c6Hz | 0666 | seovssoHz | | iz ~—_—is 
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3.12. USART 


The MCU provides a full-duplex serial universal synchronous/asynchronous receiver/transmitter (USART) 
interface with programmable operating modes and data rates. Serial-to-parallel conversion is performed on data 
characters received from an external device and parallel-to-serial conversion is performed on data characters 
received from the MCU internal data bus. A block diagram of the USART is shown in Figure 3-16. 


3.12.1. General Operation 


Internal timing for both asynchronous and synchronous operation can be referenced to either Timer B or the 
Precision Timing Generators under software control. Synchronous transmit data (TXD) timing can also be derived 
externally by an external transmit clock (TXCLK) input on PA3 or an external transmit reference clock (TXREF) 
input on PA4. Synchronous received data (RXD) timing can be generated from an external receive clock (RXCLK) 
input on PA7. Note that the direction registers for PA1 through PA7 (PAD1 - PAD7) must be set correctly for the 
mode selected. Table 3-18 shows how standard data rates can be generated internally using either Timer B or the 
Precision Timing Generators A and B. 


The serial interface registers are located at addresses $0034-$003F (Table 3-19). The CPU may read or write any 
of the serial interface registers with the exception of Serial Out Divider Latch (SODL) and Serial In Divider Latch 
(SIDL) which are write only. The Serial Status Register is read-only. Reading and/or writing to some of the 
registers also causes clearing of interrupt bits or data downloading actions. 


3.12.2. Internal Timing 


Since internal timing for TXD and RXD is similar, the following discussion covers only TXD timing. It differs only 
when precision timing generators (PTGs) are selected. TXD uses PTGB and RXD uses PTGA. 


Case 1 - Asynchronous Timer B. Whenever short stop bits are selected (SFRO = 1 or SFR1 = 1), or 5-bit 
operation is selected (SLCRO = 0 and SLCR1 = 0), the user must program the SOUT (RXD) Divider Latch (SODL) 
to $0F. This restriction does not apply to the SIN (TXD) Divider Latch (SIDL). 


UIB = oB/[(n + 1)(1 +1)] 


where UIB is the TXD bit rate, @B is the internal clock rate of Timer B, n is the decimal value loaded into the Timer 
B Latch, and | is the decimal value loaded into the SIDL latch. If 2 = 6 MHz and the DIV BY 32 option for Timer B 
is not selected, @B = 6 MHz. If n = 155 ($009B) and | = 15 ($0F), then 


UIB = 6 MHz/[(155 +1)(15 + 1)]= 2403.85 Hz. 


Case 2 - Synchronous Timer B. An additional DIV BY 2 is required to generate the 50% duty cycle TXCLK 
(PA3) required for synchronous operation. Using the same values as in Case 1, 


UIB = @B/[2(n + 1)(1 + 1)] = 6 MHz/[2 (155 + 1)(15 + 1)] = 1201.92 Hz 


Case 3 - Asynchronous PTGB. Assume that PTGB is generating a rate of 230.4 KHz and that the #2 internal 
timing is 6 MHz. From Table 3-18, the PTGB latch is loaded with $13A9. Also, from Table 3-18, PTGB = 
230.39246 KHz. If! = 15 ($0F), then: 


UIB = PTGBA[3(I + 1)] }= 230392.46/[3 (15 + 1)] = 4799.84 Hz 


This assumes that the USART DIV BY 2 mask option (Figure 3-16) is selected. If short stop bits or 5-bit operation 
is selected, the user must program the SOUT Divider Latch (SODL) to decimal 15 ($0F). 


C29/C39 TECHNICAL REFERENCE MANUAL 3-49 


SECTION 3 - SYSTEM ARCHITECTURE 
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Figure 3-16. USART Block Diagram 
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Table 3-18. USART Generated Standard Data Rates 
Asynchronous, 02 = 6 MHz 


Synchronous, 92 = 6 MHz 
SIDL = SODL = $06) 
TIMB Latch = 0098, Rate = 38461.54 Hz 
Standard Timer B PTGA and PTGB PTG Rate = 230.4 KHz, PTG Latches = $13A9 


Data Rate 
sore] si [coco] wom | emf - | | - [| 
[ste [sie | rsc0] oer | sal er | eel - [| 
[trone| e008 [—vrooo] wore | veorsf - | -| - [+ 
[seo [e006 | veoao] somo | —vaara| wr eoae| FF | _sanan] 
[swore | se¥e1_[ —oooco] —woree_| —soomr] mF | ona] 7 | _a0ose] 
[store | e227 | ovoco] wars | sooss] vir | oonso] oF | _s0nso] 
[acon] sore | veorse] ove | vroore| wer | vomse] sf | v1on00] 
[—zecore | s2086 | eaones] sods | —nroowo] 07 | _ewmnes| sor | aswaso| 
[seco | s0000 | —saurco] evans [ avonne | 00 | _vooreo| oo? | _ aroma] 
[ecco | —seme6 | sorsso] ears | osoowo | 07 | osteo] 29 [ _ossno| 
[vesoone| seer | veaesce] sewr® [veep - | | - [+] 
[secon] wore | —vevsooo| sexs | —veeoose] 00 | vemrr] vor | verona 
SS A OT 


Case 4 - Synchronous PTGB. An extra DIV BY 2 also occurs in the synchronous mode. Using the same setup 
as in Case 3 and again assuming that the USART DIV BY 2 mask option (Figure 3-16) is selected. 


UIB = PTGB/2[3 (1 + 1) J= 230392.46/[6 (15 + 1) J= 2399.92 Hz. 
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3.12.3. USART Registers and Serial Buffer Registers (SB) 


The USART control and status registers are shown in Table 3-19. The serial buffer (SB) registers provide double 
buffering for serial in and serial out data. Both buffers are located at address $0038. The Serial In Buffer is a read- 
only register and the Serial Out Buffer is a write-only register. All data is shifted least significant bit first. When odd 
or even parity is used with 5-, 6- or 7-bit character operation, the unused most significant bits in the Serial Out 
Buffer must be loaded with zeros. Zeros are automatically inserted in the Serial In Buffer. 


Table 3-19. Register Bit Assignments - USART - 0039h - 003Fh 


aa nes he ee eee ee 
Pee a ee ee ee ee ee ee 


Precision Time Generator A PTGA PTGA Not Used PTGA 

(PTG A) Mode (PAM) Interrupt | Interrupt Timer 

Flag Enable Mode 

0038 Serial In Buffer (SIB) / data 7 data 6 data 4 data 0 
Serial Out Buffer (SOB) 


Serial Interrupt Register TXCLK RXCLK TXCLK RXCLK RXD Buf | RXD Buf 


(SIR) aie (PA3) ¢ (PA7) | (PA3)t (PA7) | Saris Empty Full 


Interrupt | Interrupt | Interrupt | Interrupt | Interrupt | Interrupt | Interrupt | Interrupt 
Flag Flag | Flag’ | Enable | Enable | Enable | Enable | Enable 


(BE) (BF) 
Serial Mode Register RXD On TXD On Timing TXREF | Not Used 
(SMR) Select Syet Bit RLSDP 
0 = PRGs Sync 
1 = TIMB Enable 
Serial Line Control Register Parity Set Enable Two Stop 
(SLC) Stuff Break Parity Bits 


Bit 


Serial Status Register RXD TXD TXD 
(SSR) Hd Underrun Framing i Overrun 
Bit (UR) Error Error 


(FE) (OE) 
Serial Form Register TXD/ REXD/ TXD/ TIMA TXD/ Not Used 7/8 3/4 
(SFR) TXDE TXD RXO Input Edge Short Short 
Echo Echo Echo TXD Test | TXD Test Stop Bit Stop Bit 


SOUT (RXD) Divider Latch data 7 data 6 data 4 data 0 
(SODL) 

SIN (TXD) Divider Latch data 7 data 6 data 4 data 0 
(SIDL) 
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3.12.4, 


Serial Mode Register (SMR) 


The Serial Mode Register (SMR), located at $003A, controls basic serial mode and timing selection. All bits are 
cleared to zero by reset and can be set or reset by the CPU. Bits 6 and 7 enable the TXD and the RXD modes, 
respectively, for both asynchronous and synchronous modes of operation. Bits 2-4 control synchronous functions. 
Bits 2-4 must be set to zero for asynchronous operation. 


Bits 0: 


Bits 1: 


Bit 2: 


Bit 3: 


Bit 4: 


Bit 5: 


Bit 6: 


Bit 7: 


3.12.5. 


Not used. 


CTSP/RLSDP Enable. When set to a logic 1 and TXD Mode is selected (SMR6 = 1), the USART TXD 
synchronous mode word counter is initialized upon detection of a negative edge on PAO (normally 
connected to CTSP ). When set to a logic 1 and RXD Mode is selected (SMR7 = 1), the USART RXD 
synchronous mode word counter is initialized upon detection of a negative edge on PA4 (normally 
connected to RLSDP ). When set to a logic 0, PAO and PA4 are not used for USART support. 


Select TXREF Source. A logic 1 selects the TXREF on PA4 clock for TXD timing. A logic 0 selects 
internal TXD timing (see Figure 3-16). 


Enable TXD Sync Detect. When set to a logic 1, the TXD data line is monitored for a high-to-low (1-0) 
character transition. This transition causes serial in word synchronization following the 0 character and 
resets bit SMR3. 


Sync Mode Select. A logic 1 selects synchronous mode operation; PA7 is assigned to RXCLK and 
PA3 is assigned to TXCLK. A logic 0 selects asynchronous mode operation; PA7 and PAS are general 
purpose I/O pins. 


Internal Timing Reference. A logic 1 selects Timer B for both TXD and RXD. A logic 0 selects 
Precision time Generator B for TXD and Precision Time Generator A for RXD. 


TXD Mode Select. When set to a logic 1, the TXD timing and shift register are operational. When set to 
a logic 0, PA2 remains a general purpose |/O pin. 


RXD Mode Select. When set to a logic 1, the RXD timing and shift register are operational. When set 
to a logic 0, PA6 remains a general purpose I/O pin. 


Serlal Interrupt Register (SIR) 


The Serial Interrupt Register (SIR) is located at address $0039. The SIR contains five enable bits (bits 0-4) and 
three interrupt flag bits (bits 5-7). The CPU can read all bits but can write only to the five interrupt enable bits. All 
SIR bits are cleared to zero by reset. An interrupt enable bit, when set to a logic 1, permits the corresponding 
condition to assert the associated IRQ. 


Bit 0: 


Bit 1: 


Bit 2: 


TXD (Serial In) Buffer Full Interrupt Enable. This bit, when a logic 1, enables IRQ4 to be asserted 
when the Serial In Buffer Full bit (SSRO) is a logic 1. When this bit is a logic 0, IRQ4 will not be asserted 
based on SSRO. 


RXD (Serial Out) Buffer Empty Interrupt Enable. This bit, when is a logic 1, enables IRQ6 to be 
asserted when the Serial Out Buffer Empty bit (SSRS5) is a logic 1. When this bit is a logic 0, IRQ6 will 
not be asserted based on SSR8. 


Serial In Status Interrupt Enable. This bit, when a logic 1, enables IRQ5 to be asserted when the 
Serial In Status bit (SIR7) is a logic 1. When this bit is a logic 0, IRQ5 will not be asserted based on 
SIR7. 
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Bit 3: 


Bit 4: 


Bit 5: 


Bit 6: 


Bit 7: 


3.12.6. 


PA7 Interrupt Enable. This bit, when a logic 1, enables IRQ6 to be asserted when the PA7 Interrupt 
Flag (SIR5) is a logic 1. When this bit is a logic 0, IRQ6 will not be asserted based on SIR5. 


PA3 Interrupt Enable. This bit, when a logic 1, enables |RQ4 to be asserted when the PAS interrupt 
Flag (SIR6) is a logic 1. When this bit is a logic 0, IRQ4 will not be asserted based on SIR6. 


PA7 Interrupt Flag. This bit is set to a logic 1 when a high-to-low transition is detected on the PA7. 
RXCLK is connected to this pin during synchronous serial output operation. Writing a 0 to bit 4 of the 
Clear Interrupt Register clears this bit to a logic 0. 


PAS interrupt Flag. When SFR3 = 0, this bit is set to a logic 1 when a low-to-high transition is detected 
on PA3. TXCLK is normally connected to this pin in synchronous serial input operation. When SFR3 = 
1, this bit is set to a logic 1 when a low-to-high transition is detected on PA2 (TXD). Writing a 0 to bit 3 
of the Clear Interrupt Register clears this bit to a logic 0. 


Serial In Status Interrupt Flag. This bit is set to a logic 1 when any of the following three flags are set 
to a logic 1 in the Serial Status Register (SSR): Framing Error (SSR3), Parity Error (SSR2), or Overrun 
Error (SSR1). The Serial In Status Interrupt Flag (S!R7) is also set to a logic one whenever the Break 
Interrupt (SSR4) changes state, i.e., whenever it changes from a0 to a 1 or froma 1 to a0. SIR7 is 
reset by writing to the Serial Status Register (SSR) at address $003C. Writing to $003C clears SIR7 but 
does not alter any bits in the Serial Status Register (SSR). 


Serial Line Control Register (SLCR) 


The Serial Line Control Register (SLCR) at $003B specifies the word length and parity generation and checks in 
asynchronous mode. Each bit can be set or reset by the CPU. All SLCR bits are initialized to zero by reset. The 
SLCR must be set to $03 for 8-bit synchronous operation. The Parity Enable bit (SLCR3) must be a zero in the 
synchronous mode. Both asynchronous and synchronous modes support 5-, 6-, 7-, and 8-bit word lengths. 


Bits 0-1: Word Length. These two bits specify the number of bits in each serial in or serial out character. The 


Bit 2: 


Bit 3: 


Bit 4: 


Bit 5: 


encoding of bits 0 and 1 is: 


Bit 1 Bit 0 Word Length 
0 0 5 Bits 
0 1 6 Bits 
1 0 7 Bits 
1 1 8 Bits 


Whenever 5 bits are selected in the asynchronous mode the transmitter will generate 1 and 1/2 stop 
bits. This requires that the SOUT Divider Latch (SODL) be loaded with a decimal 15 ($0F). 


Number Stop Bits. This bit specifies the number of stop bits in each serial out character. If bit2 isa 
logic 0, one stop bit is generated regardless of word length. If bit 2 is a logic 1 when a 5-bit word length 
is selected, one and a half stop bits are generated. If bit 2 is a logic 1 when either a 6-, 7-, or 8-bit word 
length is selected, two stop bits are generated. The serial in logic checks the first stop bit only 
regardless of the number of stop bits selected. 


Enable Parlty. When bit 3 is a logic 1, a parity bit is inserted in the serial out data stream and checked 
for in the serial in data stream. The parity bit is located between the last data bit and the first stop bit. 


Even Parity Select. When parity is enabled (SLCR3 = 1) and parity stuff is disabled (SLCR5 = 0), a 
one or zero is automatically inserted into the serial out parity position such that the total number of ones 
in the data and parity fields is either odd (SLCR4 = 0) or even (SLCR4 = 1). 


Enable Parity Stuff. When parity is enabled (SLCR3 = 1) and parity stuff is enabled (SLCR5 = 1), the 
parity stuff bit value (SLCR7) is copied into the serial out parity position. 
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Bit 6: 


Bit 7: 


3.12.7. 


Set Break. This bit is the Break Control bit. When this bit is set to a logic 1, the received data (RXD) 
output is forced to the space (logic 0) state. The break is disabled by setting this bit to a logic 0. The 
Break Control bit acts only on RXD and has no effect on the serial in logic. 


Parity Stuff Bit. This bit is copied into the RXD parity bit when both parity is enabled (SLCR3 =1) and 
parity stuff is enabled (SLCRS5 = 1). 


Serial Status Register (SSR) 


The Serial Status Register (SSR) at $003C provides serial-in and serial-out status to the CPU. It is a read-only 
register. All bits are initialized by reset to a logic 0, except Serial Out Buffer Empty (SSR5), which is initialized to a 
logic 1. Writing to the Serial Status Register will not alter any bits in the register, but it will reset the Serial In 
Status Interrupt Flag (SIR7). 


Bit 0: 


Bit 1: 


Bit 2: 


Bit 3: 


Bit 4: 


Bit 5: 


Bit 6: 


Bit 7: 


Serial In Buffer Full (BF). This bit is set to a logic 1 whenever a complete incoming character, 
asynchronous or synchronous, has been received and transferred to the Serial In Buffer. Bit 0 is reset 
to a logic 0 when the CPU reads the Serial In Buffer. 


Overrun Error (OE). This bit indicates that data in the Serial In Buffer was not read by the CPU before 
the next received character was transferred into the Serial In Buffer, thereby destroying the previous 
character. The OE bit is reset as soon as a received data character can be safely transferred into an 
empty Serial In Buffer. 


Parity Error (PE). This bit indicates that the received data character does not have the correct even or 
odd parity, as selected by the Even Parity Select bit (SLCR4). The PE bit is set to a logic 1 upon 
detection of a parity error. It is reset to a logic 0 as soon as a received data character is found with a 
correct parity bit. 


Framing Error (FE). This bit indicates that the received character did not have a valid stop bit. The FE 
is set to a logic 1 whenever the stop bit following the last data bit or parity bit is detected as a zero bit 
(space level). The FE bit is reset as soon as a received data character is found with a correct first stop 
bit. 


Break Interrupt (BI). This bit is set to a logic 1 whenever the serial in received data input is held in the 
space (logic 0) state continuously from the start bit to the first stop bit. The BI bit is cleared when aymark 
bit (logic 1) is detected on TXD. 


Serlal Out Buffer Empty (BE). When this bit is set to a logic 1, it indicates that the Serial Out Buffer is 
ready to accept a new character for transmission. When this bit is true simultaneously with the Serial 
Out Interrupt Enable bit (SIR1), IRQ6 is asserted. The BE flag is set to a logic 1 when the contents of 
the Serial Out Buffer are transferred into the Serial Out Shift Register. BE is reset to a logic 0 when the 
CPU writes to the Serial Out Buffer. 


Serlal Out Underrun (UR). This bit is set to a logic 1 whenever the Serial Out Shift Register empties 
and the Serial Out Buffer has not been reloaded by the CPU. When the UR bit is a logic 1 the Serial 
Out Shift Register will output mark bits (logic 1). It is reset to a logic O when the CPU writes to the Serial 
Out Buffer. 


Serlal In Parity Bit. This bit copies the received serial in parity bit. 
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3.12.8. Serial Form Register (SFR) 


The Serial Form Register (SFR), located at $003D, controls TXD testing and specifies special routing of serial 
signals and stop bit length adjustment. Bits 5-7 can support local and remote loopback operation. The CPU on 
read and write all SFR bits except bit 2. 


Bits 0-1: Short Stop Bits. When set, these bits shorten the width of the final transmitter stop bit. A normal stop 
bit width occurs when both bits are set to 0. Stop bit control requires the user to load the Serial Out 
Divider Latch (SODL) with a decimal 15 ($0F). 


Final Stop Bit Width Final Stop Bit Width 


5-bit Word Length, All Other 
Bit 1 Bit 0 2 Stop Bit Mode Modes 
0 0 1/2 Bit 1.0 Bit 
0 1 1/4 Bit 3/4 Bit 
1 0 3/8 Bit 7/8 Bit 
1 1 1/8 Bit 5/8 Bit 
Bit 2: Not used, always reads logic 1. 


Bit 3: TXD Test - PA3 Edge. When this bit is a logic 1, PA2 (TXD) is routed to the PAS positive edge detect 
(see SI3). When this bit is a logic 0, PA3 (TXCLK) is routed to the PA3 positive edge detect logic. 


Bit 4: TXD Test - Timer A Input. When this bit is a logic 1, PA2 (TXD) input is routed to the Timer A input 
detect logic. When this bit is a logic 0, PAO is routed to the Timer A input detect logic. SFR3 and SFR4, 
when set, can be used to easily measure the TXD start pulse width. 


Bit 5: Loopback. When this bit is a logic 1, TXD is routed back to RXD instead of the normal serial out data. 
When SFR35 is a logic 0, RXD will copy the SOUT shift register when SFR6 = 0 and SOP (PA6) when 
SFR6 = 1. 


Bit 6: Serial Out Passthrough on PAS. When this bit is a logic 1, the serial out input on PAS is routed to 
RXD output on PA6. Note that serial out mode must be selected (SMR7 = 1) and serial loopback must 
not be selected (SFR5 = 0). When this bit is a logic 0, PAS is a general purpose |/O line. 


Bit 7: Serlal in Passthrough on PA1. When this bit is a logic 1, the TXD input on PA2 is routed to the serial 
in output on PA1. When this bit is a logic 0, PA1 is a general purpose 1/O line. 


3.12.9. Serial Out (RXD) Divider Latch (SODL) 


The Serial Out Divider Latch (SODL) is a CPU write-only register at $003E that controls operation of the RXD 
timing (Figure 3-16). The SODL must be loaded with the value corresponding to the desired data. Table 3-18 
contains standard values for asynchronous and synchronous operation. Note that the SODL must be loaded with 
$0F for asynchronous operation whenever Short Stop Bit operation is required. Each time that the CPU writes to 
the SODL, the new latch value is downloaded to the counter. 


3.12.10. Serial In (TXD) Divider Latch (SIDL) 


The Serial In Divider Latch (SIDL) is also a CPU write-only register at $003F that controls operation of the TXD 


timing (Figure 3-16). Its operation is similar to that of the SODL, except that it is not restricted to a value of $0F for 
asynchronous operation. 


C29/C39 TECHNICAL REFERENCE MANUAL 3-56 


SECTION 3 - SYSTEM ARCHITECTURE 


3.13. DUAL PORT RAM - GP/16450 INTERFACE (C29 ONLY) 


The C29 Dual Port RAM interface can be configured to operate in one of two modes: 
1. General purpose 15-byte Dual Port RAM (DP RAM) with host handshake register and Host Control Register. 
2. 16450 register compatible mode. 


The C29 device/host interface diagram is shown in Figure 3-17. Signal equivalence between the C29 and each 
mode is shown in Table 3-20. 


The selectable host bus interface provides an 6500 or RDP/WTP bus compatible interface between the C29 and 
a host microprocessor (Figure 3-17). Signal equivalence between the C29 and each mode is shown in Table 3- 
20. This interface allows the C29 to act like a standard peripheral device connected to the host bus under control 
of the host processor. Under C29 software control, this interface can be a general purpose user defined interface 
or a user implemented emulation of the 16450 UART interface. 


Built-in hardware registers and control signals allow a 16450 UART compatible interface to be presented to the 
host bus. C29 application firmware functions are required to fully implement the 16450 interface functions. 


3.13.1. Host Bus Interface Signals and Registers 


When the host bus interface software option is selected, the following host bus signals are supported instead of 
the general purpose |/O lines on ports B (2 lines), C (8 lines), and D (7 lines): 


8-bit bidirectional data lines (HDO-HD7) 

4-bit address inputs (HAO-HA3), HA3 remains a GP |/O in the 16450 mode. 
1 chip select input (HCSP) 

2 bus timing inputs (HWTP and HRDP, or Ha2 and HR/WP) 

1 host interrupt output (HINT) 


The host bus waveforms and timing are described in Section 5. 


rr 
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C29/Host Interface 


a 
fe 
HAO-HA3 


ay HCSP 


Select Logic C29 


Figure 3-17. C29/Host Interface 


Table 3-20 C29 Dual Port RAM Signal Equivalence 
|__MCUPortName | — MCUSIgnaiName |] = GPRAMMode || 16450 Mode 
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3.13.2. General Purpose Interface 


If the general purpose interface mode is selected (HCR1 = 0 and HCR2 = 1), 15 dual port RAM locations and the 
Host Handshake Register are accessible to both the C29 CPU and the external host bus. The host bus addresses 
are shown in Table 3-21. 


Table 3-21. C29 Host Bus Interface Memory Map - GP RAM Mode 
|__ C29 Address (Hex) | Function ———__—|_Host Address (Hox) | 


a 
SN 2 
a 
2 
6 
6 
6 
2 
Sc 
6 
6 
A 6 


a 
a Bd 
a Td 
a 


LEGEND: — = No assigned function. 
NOTES: 


1. User must prevent simultaneous C29 write/Host write to the same SP RAM location. This can be 
accomplished by using the Handshake register; or by dividing the SP RAM cells into two groups, 
one group which can only be written by the Host and the other group written only by the C29. 


2. During simultaneous C29 write/Host read, or Host write/C29 read, the read operation will not 

interfere with write. The read operation may result in old data, new data or a combination of old 
and new. Reading can be resolved by using the Handshake Register or until consecutive reads 
are identical. 


During read: Read until consecutive reads are identical. 


During write: Handshake protocol required on bits 4-7 to avoid simultaneous write/write. 


a 
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3.13.3. 16450 Interface 


When the 16450 mode is selected (HCR1 = 1 and HCR2 = 1), the Host Bus Interface can be made to emulate the 
16450 UART device. This is done through a combination of built-in hardware features and user-supplied software. 


Emulation of the 16450 is equivalent when 16450 input signals CSO and CS1 are tied high and DISTR, DOSTR 
and ADSP are tied low (Table 3-20). All 16450 signals not included in Table 3-20 are not required for C29 16450 
operation. 


The C29 16450 register set and associated addresses are shown in Table 3-22. The C29 16450 register bits are 
identified in Table 3-23. 


The Line Status Register (LSR), Modem Status Register (MSR), Interrupt Enable Register (IER) and Interrupt 
Identification Register (IDR) are implemented with dedicated hardware. The remaining 16450 registers are 
mapped directly into dual port RAM locations. Additionally, the Host Control Register provides the means to allow 
the C29 to control and monitor the 16450 interface. 


C29/C39 TECHNICAL REFERENCE MANUAL 3-60 


SECTION 3 - SYSTEM ARCHITECTURE 


Table 3-22 C29 Host Bus Interface Memory Map - 16450 Mode 


cE 
re OE 
eC 
ae a EO 
CC dE 
Te [ocean [| | [emoneme [oncom 
a 
Oo ic CE 
a ac CE 
CC 
CC 
a 
SC EE 
Oa lc dE 
Oi EE 
Ol CE 
OL EE 
a 
a 
a 
a Cc 


LEGEND: — = No assigned function. 
= Do not write to this location. 
NOTES: 
1. | LSRO = 0. Write handshake required to guarantee valid Host read data. 
Read until data repeats. 


2 
3. During simultaneous C29 write, the host will read old value. 
4 


During simultaneous C29 write/Host read, or Host write/C29 read, the read operation will not interfere with write. The read operation may result in old data, 
new data, or a combination of old and new data. Reading can be resolved by using the Handshake Register or until consecutive reads are identical. 
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Table 3-23. Register Bit Assignments - 0020h - 0032h (C29 Onl 


ea es a ee 
rs a ae ee a a ee ee ee ee ee ee ee 
Foal [Receiver Suter data? | dase | catas | cates | Gatad | cota? | caat | catad 
Foe | Tranemiver Suter | data? [data | cates | caias | soins | cata? | datat | ceta0 | 


Interrupt Enable Register Modem RX Line | TX Buffer | RX Data 
Status Status 
Interrupt Interrupt 
Enable Enable 
(EDSSI) (ELSI) 
Host Interrupt Identifier Register Int ID Int ID Oif 

Read (IIR) Bit 1 Bit 0 Interrupt 
@ x2 Pending 

Line Control Register DLAB Set Stick Even Parity Number Word Word 
(LCR) Break Parity Parity Enable Stop Bits Length Length 
(WLS 1) (WLSO) 

Modem Control Register Loop 

(MCR) Terminal 

Read 

(DTR) 


(IER) Empty Avail 
Interrupt Interrupt 
Enable Enable 
(ETBEl) (ERBFI) 


Divisor MSB | datai5 | data 14 


ilafa]_ 8 


Host Handshake Register Controller | Controller Controller | Controller 
(HHR) Intrpt 1 Intrpt 2 Intrpt 2 Intrpt 1 Intrpt 2 Intrpt 1 Intrpt 2 
Flag Flag Flag Enabie Enable Enable Enable 


(CF2) 


Xmitter 
Empty 
(TEMT) 


(CF1) (HF2) (CE1) (CE2) (HE1) 


Framing i Overrun 
Error Error 
(FE) (OE) 


(HE2) 


Line Status Register 
(LSR) 


Interrupt 


Register 
Empty 
(THRE) 


Modem Status Register Data Ring Delta Trailing 
(MSR) Carrier Indicator Data Edge of 
Detect (RI) Carrier Ring 
(DCD) Detect Indicator 
(DDCD) (TERI ) 


Host Controt Register Transmit Divide By 16450 


(HCR) Buffer Control Write Interrupt 
Full Write Flag Enable 
Interrupt Fiag 


rr rrr rr 
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3.13.4. Recelver and Transmitter Buffers 


To the host, the Receiver Buffer Register (RBR) is a read-only register at host location 0 (with DLAB = 0), and the 
Transmitter Buffer Register (TBR) is a write-only register at host location 0 (with DLAB = 0). The RBR is mapped 
into dual port RAM at C29 address $0020, and the TBR is mapped into dual port RAM at C29 address $0021. 
HCR bit 7 is automatically set to logic 1 whenever the host writes to the TBR, providing a flag to the C29 that the 
TBR has been updated. User-provided software provides the interface between these RAM locations and the 
associated serial data channels. 


3.13.5. Host Control Register (HCR) 


The Host Control Register (HCR) controls and monitors the operation of the GP/16450 interface. This register 
cannot be accessed by the host. All bits can be read by the CPU. Bits 0-2 can be written to either state by the 
CPU. Bits 4-7 can be cleared (by the CPU by writing Os to the corresponding bit locations) but cannot be set by 
the CPU. All HCR bits are cleared by device reset. 


Bit 0: 16450 Interrupt Enable. When this bit is cleared, |RQ3 will not be asserted due to any interrupt flag in 
HCR4 through HCR6 being set. When this bit is set and any interrupt flag in HCR4 through HCR7 is 
also set, IRQ3 is asserted. 


Bit 1: Host Mode Select. When host mode is enabled (HCR2 = 1), this bit selects the type of host interface 
operation (0 = General Purpose DP RAM mode; 1 = 16450 DP RAM mode). 


Bit 2: Host Mode Enable. This bit enables |/O port host mode (0 = PB6-PB7, PCO-PC7, and PDO-PD6 
operate as general purpose I/O lines; 1 = PB6-PB7, PCO-PC7, and PD0O-PD6 operate as dedicated host 
I/O pins). This bit must be set for DP RAM to operate in GP/16450 host mode. 


Bit 3: Not Used. Will read as a 1. 


Bit 4: Divisor Latch Write Flag. This bit is set when the host writes to either the Divisor Latch LSB or Divisor 
Latch MSB register. This bit is cleared by the CPU writing a 0 to this bit position; writing a 1 has no 
effect. 


Bit 5: Line Control Register Write Flag. This bit is set when the host writes to the Line Control Register. 
This bit is cleared by the CPU writing a 0 to this bit position; writing a 1 has no effect. 


Bit 6: Mode Control Register Write Flag. This bit is set when the host writes to the Mode Control Register. 
This bit is cleared by the CPU writing a 0 to this bit position; writing a 1 has no effect. 


Bit 7: Transmit Buffer Register Full. This bit is set when the host writes to the Transmit Buffer Register 
(address 0 with DLAB = 0). It is cleared when the CPU writes a 0 to address $0032, bit 7. 


3.13.6. Interrupt Enable Register (IER) 


The host can read or write bits 0 through 3. The CPU can neither read nor write these bits. These bits are cleared 
by device reset. 


The IER enables four types of interrupts that can separately assert the HINT output signal. A selected interrupt 
can be enabled by setting the corresponding enable bit to a logic 1, or disabled by setting the corresponding 
enable bit to a logic 0. Disabling all interrupts inhibits the interrupt Identifier Register (IIR) and inhibits assertion of 
the HINT output. 
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The typical use of these bits in a 16450 interface application is: 


Bit 0: Enable Recelver Buffer Full Interrupt (ERBFI). This bit, when a logic 1, enables assertion of the HINT 
output when the Data Ready bit (LSRO) is set to a logic 1. This bit, when a logic 0, disables assertion of 
HINT due to LSRO. 


Bit 1: Enable Transmitter Buffer Empty Interrupt (ETBEl). This bit, when a logic 1, enables assertion of the 
HINT output when the Transmitter Empty bit in the Line Status Register (LSR5) is set to a logic 1. This 
bit, when a logic 0, disables assertion of HINT due to LSR5. 


Bit 2: Enable Receiver Line Status Interrupt (ELSI). This bit, when a logic 1, enables assertion of the HINT 
output when bit 1, 2, 3, or 4 in the Line Status Register (LSR) is a logic 1. This bit, when a logic 0, 
disables assertion of HINT due to setting of any of these four LSR bits. 


Bit 3: Enable Modem Status Interrupt (EDSSI). This bit, when a logic 1, enables assertion of the HINT 
output when bit 0, 1, 2, or 3 in the Modem Status Register (MSR) is a logic 1. This bit, when a logic 0, 
disables assertion of HINT due to setting of any of these four MSR bits. 


Bits 4-7: Not used. Always 0. 


3.13.7. Interrupt Identifier Register (IIR). 


The host can read all bits but cannot write to the IIR. All bits are controlled by MCU hardware. The IIR is not 
accessible to the CPU. 


The IIR identifies the existence and type of four prioritized pending interrupts. Four priority levels are set to assist 
interrupt processing in the host. When accessed, the IIR freezes the highest priority interrupt pending and 
acknowledges no other interrupts until the particular interrupt is serviced by the host. 


Bit 0: Interrupt Pending. When this bit is a logic 0, an interrupt is pending. When this bit is a logic 1, no 
interrupt is pending. This bit can be used in a hardwired prioritized or polled environment to indicate 
whether an interrupt is pending. If an interrupt is pending. the IIR contents can be used as a pointer to 
the appropriate interrupt service routine in the host. 


Bits 1-2: Highest Priority Pending Interrupt. These two bits identify the highest priority pending interrupt when 


bit 0 is a logic 0: 
Priority 

Bit 2 Bit 1 Level Pending Interrupt 
1 1 1 (highest) Receiver Line Status 
1 0 2 Receiver Buffer Full 
0 1 3 Transmitter Buffer Empty 
0 0 4 Modem Status 

Bits 3-7: Not used. Always 0. 


3.13.8. Line Control Register (LCR). 


All Line Control Register (LCR) bits can be read or written to either by the host or the CPU. The LCR is not 
initialized by device reset. 


HCR bit 5 is automatically set to a logic 1 whenever the host writes to the LCR, providing a flag to the CPU that 
the LCR has been updated. User-provided software must read and interpret the LCR contents. 
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Bit 7 is duplicated as a separate hardware latch and provides the DLAB address extension bit used for register 
access. This bit cannot be written to by the CPU. 


The typical use of these bits in a 16450 interface application are: 


Bits 0-1: Word Length Select (WLSO and WLS1). These two bits specify the number of bits in each transmitted 
or received serial character (word): 


Bit 1 Bit 0 Word Length No. of Stop Bits (LCR2 = 1) 
0 0 5 Bits 1 1/2 
0 1 6 Bits 2 
1 0 7 Bits 2 
1 1 8 Bits 2 


Bit 2: Number Stop Bits (STB). LCR2 specifies the number of Stop bits in each transmitted and received in 
each serial character. If bit 2 is a 0, one Stop bit is generated. If bit 2 is a 1, the number of Stop bits 
generated depends on the word length (see bits 0 and 1). The receiver logic checks the first Stop bit 
only regardless of the number of stop bits selected. 


Bit 3: Parity Enable (PEN). When parity is enabled (LCR3 = 1), an even or odd Parity bit is generated in the 
transmitted data or checked in the received data in accordance with Even Parity Select (LCR4) and 
Stick Parity (LCRS5) bits. The parity bit is located between the last data bit and the first Stop bit. 


Bit 4: Even Parity Select (EPS). When parity is enabled (LCR3 = 1) and stick parity is disabled (LCR5 = 0), 
the total number of ones in the data and parity fields is generated or checked for odd (LCR4 = 0) or 
even (LCR4 = 1) parity. 


Bit 5: Stick Parity. When stick parity is enabled (LCRS5 = 1) and parity is enabled (LCR3 = 1), the parity bit is 
generated and check in accordance with the inverted state of LCR4 (parity bit = 0 when LCR4 = 1; 
parity bit = 1 when LCR4 = 0). 


Bit 6: Set Break. When Set Break is enabled (LCR6 = 1), the received data output is forced to the space 
(logic 0) state. The break is disabled by setting this bit to a logic 0. The Break Control bit acts only on 
RXD and has no effect on the transmitted data. 


Bit 7: Divisor Latch Access Bit (DLAB). When Divisor Latch Access Bit (DLAB) is set (LCR7 = 1), access to 
the divisor latches of the baud generator is enabled during a read or write operation. When DLAB is 


reset (LCR7 = 0), access to the Receiver Buffer, Transmit Buffer, or Interrupt Enable Register is 
enabled. 


3.13.9. _ Modem Control Register (MCR). 

The Modem Control Register (MCR) is a read-write register. HCR bit 6 is automatically set to logic 1 whenever 
the host writes to the MCR, providing a flag to the C29 that the MCR has been updated. User-provided software 
must read and interpret the MCR contents. 

The typical use of these bits in a 16450 interface application is: 


Bit 0: Data Terminal Ready (DTR). This bit controls the Data Terminal Ready (DTR) function. When this bit 
is alogic 1, DTR is on. When this bit is a logic 0, DTR is off. 


Bit 1: Request to Send (RTS). This bit controls the Request to Send (RTS) function. When this bit is a logic 
1, RTS is on. When this bit is a logic 0, RTS is off. 


Bit 2: Output 1. This bit is used in local loopback (see MCR4). 
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Bit 3: 


Bit 4: 


Output 2. When this bit is a logic 1, HINT is enabled. When this bit is a logic 0, HINT is in the high 
impedance state. 


Loop. When this bit is set to a logic 1, the diagnostic mode is selected and the following occurs: 
1. Data written to the Transmitter Buffer is looped back to the Receiver Buffer. 


2. The contents of MCR bits 0-3 are internally connected to the four MSR bits during a host read of 
the MSR as follows: 


Signal MCR Bit MSR Bit 


DTR MCRO MSR5 
RTS MCR1 MSR4 
Out MCR2 MSR6 
Out2 MCR3 MSR7 


Bit 5-7: Not Used. (Always 0). 


3.13.10. 
With use 


Line Status Register (LSR) 
r-provided software, the LSR can emulate the functions provided by the LSR in the 16450 device. All bits 


are cleared to logic 0 at power-up. It is recommended that the Host not write to this register. 


The typical use of these bits in a 16450 interface application is: 


Bit 0: 


Bits 1-4: 


Bit 1: 
Bit 2: 
Bit 3: 
Bit 4: 


Bit 5: 


Bit 6: 


Bit 7: 


Note: 


C29/C39 


Data Ready. Can be set to logic 1 by the CPU. Cleared to 0 automatically when host reads the 
Receiver Buffer Register. 


Receive Line Status. Four separate conditions which are ORed together. Each can be individually set 
to logic 1 by the CPU. Cleared to 0 automatically when the host reads the LSR. 


Overrun Error (OE). See bits 1-4 

Parity Error (PE). See bits 1-4. 

Framing Error (FE). See bits 1-4. 

Break Interrupt (BI). See bits 1-4. 

Transmitter Buffer Register Empty (THRE)). Can be set to logic 1 by the CPU. Cleared to 0 
automatically when the host writes to the THR. When HINT is caused by IER1 and LSRS5 both being 


asserted, HINT will terminate when the host writes to the THR or reads the IIR. 


Transmitter Empty. Can be set to logic 1 by the CPU. Cleared to zero automatically when host writes 
to the Transmitter Buffer. 


Not used. Always 0. 


Bits 0-6 are set to logic 1 by the C29 by writing a 0 to the respective bit. Writing 1s has no effect. 
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3.13.11. Modem Status Reglster (MSR) 


All Modem Status Register (MSR) bits can be read or written to by either the host or the CPU. With user-provided 
software, it can emulate the functions provided by the MSR in the 16450 device. All bits are cleared to logic 0 at 
power-up. It is recommended that the host not write to this register. 


Bits 0-3: Modem Status. Each bit can be individually set to logic 1 by the CPU by writing a 0 to the bit. Writing 
1s has no effect. Bits 0-3 are cleared when the host reads the MSR. 


Bits 4-7: Various Modem Status Conditions. Can be written to either state by the CPU or the host. No 
automatic clear. 


The typical use of these bits in a 16450 interface application is: 


The Modem Status Register (MSR) reports current state and change information of the modem. Bits 4-7 supply 
current state and bits 0-3 supply change information. The change bits are set to a logic 1 whenever a control input 
from the modem changes state from the last MSR read by the host. Bits 0-3 are reset to logic 0 when the host 
reads the MSR or upon reset. Whenever bits 0, 1, 2, or 3 are set to a logic 1, a Modem Status Interrupt is 
generated. 


Bit 0: Delta Clear to Send (DCTS). This bit is set to a logic 1 when the CTS bit has changed since the MSR 
was last read by the host. 


Bit 1: Delta Data Set Ready (DDSR). This bit is set to a logic 1 when the DSR bit has changed since the 
MSR was last read by the host. 


Bit 2: Trailing Edge of Ring Indicator (TERI). This bit is set to a logic 1 when the RI bit changes from a 1 to 
a 0 state since the MSR was last read by the host. 


Bit 3: Delta Data Carrier Detect (DDCD). This bit is set to a logic 1 when the DCD bit changes state since 
the MSR was last read by the host. 


Bit 4: Clear to Send (CTS). This bit indicates the logic state of the CTS output. If Loopback is selected 
(MCR4 = 1), this bit reflects the state of RTS in the MCR (MCR1). 


Bit 5: Data Set Ready (DSR). This bit indicates the logic state of the DSR output. If Loopback is selected 
(MCR4 = 1), this bit reflects the state of DTR in the MCR (MCRO). 


Bit 6. Ring Indicator (RI). This bit indicates the logic state of the RI output. If Loopback is selected (MCR4 = 
1), this bit reflects the state of OUT1 in the MCR (MCR2). 


Bit 7. Data Carrler Detect (DCD). This bit indicates the logic state of the DCD output. If Loopback is selected 
(MCR4 = 1), this bit reflects the state of OUT2 in the MCR (MCR3). 


3.13.12. Divisor Latch Registers 


The Divisor Latch LSB (least significant byte) and Divisor Latch MSB (most significant byte) are two read-write 
registers. HCR bit 4 is set automatically whenever the host writes to either divisor latch byte, thus providing a flag 
to the CPU that the Divisor Latch has been updated. User-provided software must read and interpret the Divisor 
Latch contents. 


All bits in both registers can be read or written to by either the host or the CPU. This register is not initialized by 
device reset. 
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3.13.13. Scratch Register 


All Scratch Register bits can be read or written to by either the host or the CPU (Table 3-23). There are no flag 
bits associated with this register. This register is not initialized by device reset. 


3.13.14. Host Handshake Register (HHR) 


The Host Handshake Register (HHR) supports a defined handshake protocol between the host and the CPU 
(Table 3-23). All bits can be read by either the host or the CPU. The host cannot access this register in 16450 
mode. Bits 0-3 are interrupt enable bits and bits 4-7 are interrupt flag bits. All bits are cleared by device reset. 


Bit 0: Host Attention Flag 2 Interrupt Enable (HE2). This bit, when set to a 1, enables HINT output to be 
asserted when the Host Attention Flag 2 (HHR4) is set. When this bit is reset to a 0, HINT will not be 
asserted based on HHR4. This bit can be written only by the host. 


Bit 1: Host Attention Flag 1 Interrupt Enable (HE1). This bit, when set to a 1, enables HINT output to be 
asserted when the Host Attention Flag 1 (HHRS5) is set. When this bit is reset to a 0, HINT will not be 
asserted based on HHRS8. This bit can be written only by the host. 


Bit 2: Controller Attention Flag 2 Interrupt Enable (CE2). This bit, when set to a 1, enables IRQ3 to be 
asserted when the CPU Attention Flag 2 (HHR6) is set. When this bit is reset to a 0, IRQ3 will not be 
asserted based on HHR6. This bit can be written only by the CPU. 


Bit 3: Controller Attention Flag 1 Interrupt Enable (CE1). This bit, when set to a 1, enables IRQ3 to be 
asserted when the CPU Attention Flag 1 (HHR7) is set. When this bit is reset to a 0, IRQ3 will not be 
asserted based on HHR7. This bit can be written only by the CPU. 


Bit 4: Host Attention Flag 2 (HF2). This is an attention bit from the CPU to the host. This bit can be set only 
by the CPU writing a 0 and can be cleared only by the host writing a 0 . HF2 is not affected by the CPU 
writing a 1 or the host writing a 1. 


Bit 5: Host Attention Flag 1. (HF1) This is an attention bit from the CPU to the host. This bit can be set only 
by the CPU writing a 0 and can be cleared only by the host writing a 0. HF1 is not affected by the CPU 
writing a 1 or the host writing a 1. 


Bit 6: Controller Attention Flag 2 (CF2). This is an attention bit from the host to the CPU. This bit can be set 
only by the host writing a 1 and can be cleared only by the CPU writing a 0. CF2 is not affected by the 
host writing a 0 or the CPU writing a 1. 


Bit 7: Controller Attention Flag 1 (CF1). This is an attention bit from the host to the CPU. This bit can be set 
only by the host writing a 1 and can be cleared only by the CPU writing a 0. CF1 is not affected by the 
host writing a 0 or the CPU writing a 1. 
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3.14. DUAL PORT RAM - GP /16450/16550A INTERFACE (C39 ONLY) 


The C39 Dual Port RAM interface can be configured to operate in one of three modes: 


1. General purpose mode (GP mode) 13-byte Dual Port RAM (DP RAM) with host handshake register, GP FIFO 
status register, and transmit/receive 16-byte FIFOs. 


2. 16450 register compatible mode. 
3. 16550A register compatible mode with transmit/receive 16-byte FIFOs. 


The C39 device/host interface diagram is shown in Figure 3-18. Signal equivalence between the C39 and each 
mode is shown in Table 3-24. 


The selectable host bus interface provides an 6500 or RDP/WTP bus compatible interface between the C39 and 
a host microprocessor (Figure 3-18). This interface allows the C39 to act like a standard peripheral device 
connected to the host bus under control of the host processor. Under C39 software control, this interface can be a 
general purpose user-defined interface or an emulation of the 16450/16550A UART interface. 

Built-in hardware registers and control signals allow a 16450/6550 UART compatible interface to be presented to 
the host bus. More supporting 16450/6550 interface functions are provided in C39 hardware than in C29 
hardware in order to relieve the C39 application firmware from having to provide some time critical and overhead 


functions when servicing the interface. Supporting C39 application firmware functions are required to fully 
implement the 16450/16550A interface, however. 


3.14.1. Host Bus Interface Signals and Registers 


When the host bus interface is selected (HCR2 = 1), the following host bus signals are supported instead of the 
general purpose I/O lines on ports A (4 lines), B (2 lines), C (8 lines), and D (7 lines): 


8-bit bidirectional data lines (HDO-HD7) 

4-bit address inputs (HAO-HA3), HA3 remains a GP I/O in the 16450/16550A mode. 
1 chip select input (HCSP) 

2 bus timing inputs (HWTP and HRDP, or Ha2 and HR/WP) 

1 host interrupt output (HINT) 

2 data ready outputs (RXRDY and TXRDY) 

2 data acknowledge inputs (RXACKP and TXACKP) 


The host bus waveforms and timing are described in Section 5. 
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C39/Host Interface 
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Figure 3-18. C39/Host Interface 


Table 3-24. C39 Dual Port RAM Signal Equivalence 
| __MCUPortName _—|_—sMCUSignalName 


a  (  ( 
PB7 HINT HINT INTR INTR 
PCO-PC7 HDO-HD7 HDO-HD7 D0-D7 
PDO-PD2 HAO-HA2 HAO-HA2 A0-A2 


GE ee 


HA3 

HWTP 
z= TROY oa 
HRACKP 


HWTP 
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3.14.2. General Purpose Interface 


See Table 3-25 for a memory map of the general purpose dual port RAM. TXRDY, RXRDY, HTACKP, and 
HRACKP are not supported in the GP mode. The FIFO Status Register (FSR) and FIFO Interrupt Enable 
Register (FIER) have the same function as in the 16450/16550A mode. The host cannot access the FIFO Status 
and FIFO Interrupt Enable registers. In this mode, the Transmitter and Receiver FIFOs (TX FIFO and RX FIFO) 
are each 16 bytes deep and 8 bits wide. The host can only read data from the RX FIFO and can only write data to 
the TX FIFO. Similarly, the C39 can only write data to the RX FIFO and can only read data from the TX FIFO. 


Both host and C39 can read and write to SP RAM locations $1 through $F. Simultaneously C39 write/host write to 
these locations are allowed but should be avoided. This can best be accomplished by using the Host Handshake 
Register (HHR). Tables 3-25 and Table 3-27 provide information on how the HHR can be polled or used to control 
both host and C39 interrupts. The GP FIFO Status Register (GPFS) provides the host with FIFO control and 


status information when using the TX FIFO and RX FIFO. 


Table 3-25. C39 Host Bus Interface Mem 


TX FIFO Buffer (Host Write/C39 Read) 


2] 

Uv 
il|| 

= 


SP RAM 3 


* Host Handshake Register: 


Host Interrupt = (HE1)(HF1) + (HE2)(HF2) 
C39 Interrupt = (CE1)(CF1) + (CE2)(CF2) 


C39 Address (Hex re Host Address (Hex 


Not Accessible by Host 
Not Accessible by Host 


Not Accessible by Host 
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3.14.3. 16550A Interface Mode and FIFOs 


When the FIFO mode is selected (HCR1 = 1, HCR2 = 1, and FCRO = 1), the C39 provides a 16550A register 
compatible interface mode . The 16550A interface registers are described in Tables 3-26 and 3-27. The 16550A 
interface uses the hardware signals shown in Figure 3-18 except the A3 signal is not used. The operation of the 
FIFOs is illustrated in Figures 3-19 to 3-21. 


FIFO UART Timing Simulator. The FIFO UART Timing Simulator (see Figure 3-20) provides both an RUCLK 
and an TUCLK to simulate the 16450 UART word rate. These rates are driven by either TIMA or PTGB through 
divide by 16 counters. RUCLK is automatically re-synchronized to one sixteenth of the word rate by either the 
termination of Freeze (FSR5) or when the RX FIFO goes from empty to not empty. TUCLK will re-synchronize 
when the TX FIFO goes from empty to not empty. 


TX FIFO. In the 16550A mode, the host can burst data into the TX FIFO Buffer until the TX FIFO is full. This can 
be accomplished under host control or by a supported DMA mode using TXRDY and TXACKP lines. 


Both TXPTR and TUPTR advance together as the host fills the TX FIFO. The CPU unloads the TX FIFO using 
TXPTR. TUPTR simulates the UART by decrementing the TUCLK rate until TX FIFO is emptied. This causes 
THRE to be asserted which signals the host that the TX FIFO is empty. In the event the host does not write to the 
TX FIFO before the next TUCLK, TEMT is asserted. Two interrupt request conditions with enables are provided to 
the CPU: TCDA (TX FIFO data available) and TCHF (TX FIFO half full). If the TX FIFO contains between one and 
seven bytes of data and TCHF is enabled and neither the host or CPU have accessed the TX FIFO for three or 
four TUCLK intervals, a TCTO character time-out interrupt is provided to the CPU. Both TXPTR and TUPTR are 
reset whenever the TX FIFO bit (FCR2) is set to a 1 by the host, or whenever FIERS is set to a 1 by the CPU. 
These reset controls are self clearing. 


RX FIFO. in the 16550A mode, the host can burst read data from the RX FIFO Buffer until the RX FIFO is empty. 
This can be accomplished under host control or by a supported DMA mode using RXRDY and RXACKP lines. 


The RX FIFO contains 16 eleven-bit words. Each eleven bits contain 8 bits of data and a 3-bit error field. The 
error field is established by the CPU loading PE, FE and Bi data into the RX FIFO Status Register (FSR) bits 2 - 
4. The next IWRX clock causes the error data stored in the FSR to be inserted together with CPU data into the 
RX FIFO. IWRX also processes or shifts older information contained in the RX FIFO. RXPTR always points to the 
oldest unread data and error bits contained in the RX FIFO. The RX FIFO error indication (LSR7) is asserted 
whenever there is an unread error in the RX FIFO error field. Both RXPTR and RUPTR are reset whenever the 
RX FIFO bit (FCR1) is set to a 1 by the host, or FIER2 is set to a 1 by the CPU. These reset control bits are self 
clearing. 


RXPTR permits the C39 to burst-fill the error and data fields of the RX FIFO. The error field can be ignored by 
leaving BI, FE and PE in the FIFO Status Register in their zero state. Two CPU interrupt request conditions with 
separate enables are provided: RCEMT (RX FIFO empty) and RCHE (RX FIFO half empty) (see Figure 3-21). 


The RXPTR pointer goes from empty to not empty when the CPU writes the first data into an empty RX FIFO. 
The RX FIFO is considered empty when both RXPTR and RUPTR are at zero. When the CPU writes to an empty 
RX FIFO, the RUCLK timer is resynchronized. The RUPTR transition from empty to not empty is delayed until the 
first RUCLK interval following the resynchronization. At this point the RUPTR pointer increments at the RUCLK 
rate until it reaches the value in RXPTR. If the trigger level has not been reached and RUPTR reaches the level in 
RXPTR, a receiver time-out event is started. Once started, if neither an IWRX or ERRX occur for three or four 
RUCLK intervals, an RXTO event is used to generate a host character time-out interrupt (I!1R3). The host can set 
the RX FIFO trigger level at 1, 4, 8 or 14 using the FIFO Control Register. 
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3.14.4. 16450 Interface Mode and FIFOs 


When the 16450 mode is selected (HCR1 = 1, HCR2 = 1, and FCRO = 0), the C39 provides a 16450 register 
compatible interface mode. The 16450 interface uses the hardware signals shown in Figure 3-18 except the A3, 
TXRDY, RXRDY, HTACKP, or HRACKP signals are not used. The 16450 interface operation is a subset of the 
16550A interface operation. 


The 16450 interface registers are described in Tables 3-26 and 3-27. All registers are initialized as shown in 
Table 3- 28 by device reset. The CPU has access to both FIFOs while in the 16450 mode. 


FIFO UART Timing Simulator. The FIFO UART Timing Simulator operates as described for the 16550A 
interface (see 3.14.3). 


TX FIFO. In the 16450 mode, the host is limited to writing a single byte of data with each THRE interrupt. When 
the host writes to an empty TX FIFO Buffer, the THRE bit is cleared and after a short delay THRE is set. The 
host responds by sending new data to the TX FIFO Buffer which then clears THRE. TUCLK will cause THRE to 
be asserted one word time after the first host write to the empty TX FIFO Buffer. In the event that THRE has not 
been reset prior to the next TUCLK, TEMT is asserted. TUPTR simulates the responses of a 16450 UART while 
TXPTR provides normal TX FIFO support for the CPU The CPU must read the TX FIFO Buffer before a TX FIFO 
overrun can occur. 


The TXRDY signal is non-operational in the 16450 mode. 

RX FIFO. In the 16450 mode, the CPU has full use of the RX FIFO. The RX FIFO trigger level is set at one. 
Following a CPU write to an empty RX FIFO Buffer, the DR flag is not set until after an RUCLK delay. A host RX 
FIFO read, ERRX, decrements RUPTR and resets DR. As long as the RX FIFO contains data, the DR flag will 
continue to be set following the next RUCLK delay. 


The RXRDY and RXTO (time-out) signals are non-operational in the 16450 mode. 
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Table 3-26. C39 Host Bus Interface Memo jap = 16450/16550 Mode 
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Table 3-27. Register Bit Assignments - 0020h - 0032h (C39 Onl 
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Table 3-28. 16550 Register Initlallzation 
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Figure 3-19. TX FIFO Block Diagram 
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Figure 3-20. FIFO UART Timing Simulator 
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Figure 3-21. RX FIFO Block Diagram 
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3.14.5. Host Control Register (HCR) 


The Host Control Register (HCR) controls and monitors the operation of the 16450/16550 interface. This register 
cannot be accessed by the host. All bits can be read by the CPU Bits 0-2 can be written to either state by the 
CPU. Bits 4-6 can be cleared by the CPU (by writing Os to the corresponding bit locations) but cannot be set by 
the CPU. All HCR bits are cleared by device reset. 


Bit 0: 16450/16550 Interrupt Enable. When this bit is a cleared, IRQ3 will not be asserted due to any 
interrupt flag in HCR4 through HCR6 being set. When this bit is set, and any interrupt flag in HCR4 
through HCR6 is also set, IRQ3 is asserted.. 


Bit 1: 16450 Mode . When host mode is enabled (HCR2 = 1), this bit selects the type of host interface 
operation (0 = General Purpose DP RAM mode; 1 = 16450/16550 DP RAM mode). 


Bit 2: Host Mode Enable. This bit enables I/O port host mode (0 = PA3-PA6, PB6-PB7, PCO-PC7, and PDO- 
PD6 operate as general purpose I/O lines; 1 = PA3-PA6, PB6-PB7, PCO-PC7, and PDO-PD6 operate 
as dedicated host I/O pins). This bit must be set for DP RAM to operate in GP/16450/16550 host mode. 


Bit 3: RX FIFO Interrupt. This bit indicates that IRQ3 has been asserted due the RX FIFO Half Empty Flag 
(FSRO) being set or the RX FIFO Empty Flag (FSR1) being set. This bit is set whenever the following 
logic term is true: 


(FSRO) (FIERO) + (FSR1P)(FIER1) 


Bit 4: Divisor Latch Write Flag. This bit is set when the host writes to either the Divisor Latch LSB or Divisor 
Latch MSB register. IRQ3 is asserted if HCRO is a 1 and this bit is a 1. This bit is cleared by the CPU 
writing a O to this bit position; writing a 1 has no effect. 


Bit 5: Line Control Register Write Flag. This bit is set when the host writes to the Line Control Register. 
IRQ3 is asserted if HCRO is a 1 and this bit is a 1. This bit is cleared by the CPU writing a 0 to this bit 
position; writing a 1 has no effect. 


Bit 6: Mode Control Register Write Flag. This bit is set when the host writes to the Mode Control Register. 
IRQ3 is asserted if HCRO is a 1 and this bit is a 1. This bit is cleared by the CPU writing a 0 to this bit 
position; writing a 1 has no effect. 


Bit 7: TX FIFO Interrupt. This bit indicates that |IRQ3 has been asserted due the TX FIFO Data Available 
Flag (FSR6) being set, TX FIFO Half Full Flag (FSR7) being set, or TX FIFO Time-out 
(FSR7)(FSR6)(TX FIFO Time-out) occurring. A TX time out occurs when neither a EWTX, IRTX ora 
TXCLR occur for three or four TUCLK intervals. The TX time out is cleared by EWTX, IRTX or a 
TXCLR. This bit is set whenever the following logic term is true: 


(FSR6)(FIER6) + (FSR7)(FIER7) + (FSR7P)(FSR6)(FIER7)(TX Time out). 


3.14.6. interrupt Enable Register (IER) 


The host can read or write bits 0 through 3. The CPU can neither read nor write these bits. These bits are cleared 
by device reset. 


The IER enables five types of interrupts that can separately assert the HINT output signal. A selected interrupt 
can be enabled by setting the corresponding enable bit to a logic 1, or disabled by setting the corresponding 
enable bit to a logic 0. Disabling all interrupts inhibits the Interrupt Identifier Register (IIR) and inhibits assertion of 
the HINT output. 


C29/C39 TECHNICAL REFERENCE MANUAL 3-79 


SECTION 3 - SYSTEM ARCHITECTURE 


The typical use of these bits in a 16450/16550A interface application is: 


Bit 0: Enable Receiver Buffer Full Interrupt (ERBFI) and Character Time-out In FIFO Mode. This bit, 
when a logic 1, enables assertion of the HINT output when the Data Ready bit (LSRO) is set to a logic 1 
or character time-out occurs in FIFO mode. This bit, when a logic 0, disables assertion of HINT due to 
LSRO or character time-out. 


Bit 1: Enable Transmitter Buffer Empty Interrupt (ETBEI). This bit, when a logic 1, enables assertion of the 
HINT output when the Transmitter Empty bit in the Line Status Register (LSRS5) is set to a logic 1. This 
bit, when a logic 0, disables assertion of HINT due to LSRS5. 


Bit 2: Enable Receiver Line Status Interrupt (ELSI). This bit, when a logic 1, enables assertion of the HINT 
output when bit 1, 2, 3, or 4 in the Line Status Register (LSR) is a logic 1. This bit, when a logic 0, 
disables assertion of HINT due to setting of any of these four LSR bits. 


Bit 3: Enable Modem Status Interrupt (EDSSI). This bit, when a logic 1, enables assertion of the HINT 
output when bit 0, 1, 2, or 3 in the Modem Status Register (MSR) is a logic 1. This bit, when a logic 0, 
disables assertion of HINT due to setting of any of these four MSR bits. 


Bits 4-7: Not used. Always 0. 


3.14.7. Interrupt Identifier Register (IIR) 


The host can read all bits but cannot write to the IIR. All bits are controlled by MCU hardware. The IIR is not 
accessible to the CPU. 


The IIR identifies the existence and type of five prioritized pending interrupts. Four priority levels are set to assist 
interrupt processing in the host. When accessed, the IIR freezes the highest priority interrupt pending and 
acknowledges no other interrupts until the particular interrupt is serviced by the host. 


Bits 4 and 5 are not used and always read low. Bits 6 and 7 copy the state of FCRO, the host-controlled FIFO 
Enable bit. The IIR is initialized to 001b by device reset. 


Bit 0: Interrupt Pending. When this bit is a logic 0, an interrupt is pending. When this bit is a logic 1, no 
interrupt is pending. This bit can be used in a hardwired prioritized or polled environment to indicate 
whether an interrupt is pending. {f an interrupt is pending. the IIR contents can be used as a pointer to 
the appropriate interrupt service routine in the host. 


Bits 1-3: Highest Priority Pending interrupt. These three bits identify the highest priority pending interrupt 
when bit 0 is a logic 0: 


Priority 
Bit 3 Bit 2 Bit 1 Level Pending Interrupt 
te) 1 1 1 (highest) Receiver Line Status 
0 1 0 2 Receiver Buffer Full 
1 1 0 2 Character Timeout 
0 0 1 3 Transmitter Buffer Empty 
0 0 0 4 Modem Status 
Bits 4-5: Not used. Always 0. 
Bits 6-7: FIFO Mode. These two bits copy FCRO. 
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3.14.8. Line Control Register (LCR) 


All Line Control Register (LCR) bits can be read or written to either by the host or the CPU. The LCR is not 
initialized by device reset. 


HCR bit 5 is automatically set to a logic 1 whenever the host writes to the LCR, providing a flag to the CPU that 
the LCR has been updated. User-provided software must read and interpret the LCR contents. 


Bit 7 is duplicated as a separate hardware latch and provides the DLAB address extension bit used for register 
access. This bit cannot be written to by the CPU. 


The typical use of these bits in a 16450/16550 interface application is: 


Bits 0-1: Word Length Select (WLSO and WLS1). These two bits specify the number of bits in each transmitted 
or received serial character (word): 


Bit 1 Bit 0 Word Length No. of Stop Bits (LCR2 = 1) 
0 0 5 Bits 1 1/2 
0 1 6 Bits 2 
1 0 7 Bits 2 
1 1 8 Bits 2 


Bit 2: Number Stop Bits (STB). LCR2 specifies the number of Stop bits in each transmitted and received in 
each serial character. If bit 2 is a 0, one Stop bit is generated. If bit 2 is a 1, the number of Stop bits 
generated depends on the word length (see bits 0 and 1). The receiver logic checks the first Stop bit 
only regardless of the number of stop bits selected. 


Bit 3: Parity Enable (PEN). When parity is enabled (LCR3 = 1), an even or odd Parity bit is generated in the 
transmitted data or checked in the received data in accordance with Even Parity Select (LCR4) and 
Stick Parity (LCRS5) bits. The parity bit is located between the last data bit and the first Stop bit. 


Bit 4: Even Parity Select (EPS). When parity is enabled (LCR3 = 1) and stick parity is disabled (LCRS5 = 0), 
the total number of ones in the data and parity fields is generated or checked for odd (LCR4 = 0) or 
even (LCR4 = 1) parity. 


Bit 5: Stick Parity. When stick parity is enabled (LCRS5 = 1) and parity is enabled (LCR3 = 1), the parity bit is 
generated and check in accordance with the inverted state of LCR4 (parity bit = O when LCR4 = 1; 
parity bit = 1 when LCR4 = 0). 


Bit 6: Set Break. When Set Break is enabled (LCR6 = 1), the received data output is forced to the space 
(logic 0) state. The break is disabled by setting this bit to a logic 0. The Break Control bit acts only on 
RXD and has no effect on the transmitted data. 


Bit 7: Divisor Latch Access Bit (DLAB). When Divisor Latch Access Bit (DLAB) is set (LCR7 = 1), access to 
the divisor latches of the baud generator is enabled during a read or write operation. When DLAB is 
reset (LCR7 = 0), access to the RX FIFO Buffer, TX FIFO Buffer, or Interrupt Enable Register is 
enabled, 


3.14.9. _ Modem Control Register (MCR) 


Bits 0-4 of the Modem Control Register (MCR) can be read or written to by the host. The CPU can only read the 
MCR. When the host mode is selected, the HINT output driver is placed in a three-state mode when either Out2 is 
false (MCR3 = 0) or Loop is selected (MCR4 = 1). In addition, when the Loop is selected, the operation of the 
MSR is modified as described under Modem Status Register. The MCR is cleared by device reset. 
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The typical use of these bits in a 16450/16550A interface application is: 


Bit 0: 


Bit 1: 


Bit 2: 


Bit 3: 


Bit 4: 


Data Terminal Ready (DTR). This bit controls the Data Terminal Ready (DTR) function. When this bit 
is a logic 1, DTR is on. When this bit is a logic 0, DTR is off. 


Request to Send (RTS). This bit controls the Request to Send (RTS) function. When this bit is a logic 
1, RTS is on. When this bit is a logic 0, RTS is off. 


Output 1. This bit is used in local loopback (see MCR4). 


Output 2. When this bit is a logic 1, HINT is enabled. When this bit is a logic 0, HINT is in the high 
impedance state. 


Loop. When this bit is set to a logic 1, the diagnostic mode is selected and the following occurs: 
1. Data written to the TX FIFO Buffer is looped back to the RX FIFO Buffer. 


2. The contents of MCR bits 0-3 are internally connected to the four MSR bits during a host read of 
the MSR as follows: 


Signal MCR Bit MSR Bit 
DTR MCRO MSR5 
RTS MCR1 MSR4 
Out! MCR2 MSR6 
Out2 MCR3 MSR7 


Bit 5-7: Not Used. (Always 0). 


3.14.10. Line Status Register (LSR) 


The host can read and write all bits in this register, however it is recommended that the host not write to the LSR 
register. The CPU can read ail bits but can only write to LSR1 (Overrun Error). 


The typical use of these bits in a 16450/16550A interface application is: 


Bit 0: 


Bit 1: 


Bit 2-4: 


Bit 2: 
Bit 3: 


Bit 4: 


Receiver Data Ready (DR). This bit is cleared by device reset. DR is set by hardware whenever the 
RX UART simulator pointer, RUPTR, goes from empty to not empty. Cleared when the RUPTR pointer 
indicates empty. When Freeze (FSRS5) is set, LSRO is no longer controlled by the state of the RUPTR. 
When FSRS8 = 1, the DR bit can be cleared by reading the RX FIFO Buffer. 


Overrun Error (OE). This bit is set and reset by CPU write. This bit is reset when the host reads LSR. 
This bit is cleared by device reset. 


Recelve Line Status. They are updated automatically from the error field of RX FIFO following each 
CPU write or host read to the RX FIFO. LSR bits 2, 3, 4 and 7 and the RX FIFO output data latch are all 
updated at this time. LSR error data must be read prior to reading the RX FIFO output or the error data 
is lost. These bits are cleared to zero when the host reads LSR. These bits are cleared by device reset. 
Parity Error (PE). See bits 2-4. 

Framing Error (FE). See bits 2-4. 


Break Interrupt (BI). See bits 2-4. 
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Bit 5: TX FIFO Buffer Empty (THRE). This bit is set by device reset. THRE is set by hardware each time the 
transmitter UART pointer, TUPTR, transitions from not empty to empty. It is reset by a host write to the 
TX FIFO. If a HINT interrupt occurs and IIR identifies THRE as the source, the interrupt is cleared while 
THRE remains set. Whenever the host writes to the Interrupt Enable Register enabling a THRE 
interrupt and THRE is set, a THRE interrupt is regenerated. 


Bit 6: Transmitter Underrun (TEMT). Set by device reset or by hardware when the TX FIFO has been empty 
for at least one TUCLK time. Reset when the host writes to an empty TX FIFO. 


Bit 7: RX FIFO Error. Set by MCU hardware if at least one error bit is set in the unread error field of the RX 
FIFO. Reads zero in the 16450 mode. 


3.14.11. Modem Status Register (MSR) 


All Modem Status Register (MSR) bits can be read or written to by either the host or the CPU. The CPU can write 
all bits, however the host can only write to bits 0-3. Bits 0-3 are set to a 1 by the CPU writing a 0 to the particular 
bit. Bits 0-3 are unaffected when the C39 writes a 1 to a bit position. Bits 0-3 are cleared when the host reads the 
MSR. It is recommended that the host not write to the MSR. A host MSR read is modified when Loop is selected 
(MCR4 = 1). Bits 0-3 are cleared by device reset. 


When Loop is not selected (MCR4 = 0), a host MSR read generates the following data: 
(MSR7/MSR6/MSR5/MSR4/MSR3/MSR2/MSR1/MSRO). 

When Loop is selected (MCR4 = 1), a host MSR read generates the following data: 
(MCR3/MCR2/MCRO/MCR1/MSR3/MSR2/MSR1/MSRO). 

The typical use of these bits in a 16450/16550A interface application is: 


The Modem Status Register (MSR) reports current state and change information of the modem. Bits 4-7 supply 
current state and bits 0-3 supply change information. The change bits are set to a logic 1 whenever a control input 
from the modem changes state from the last MSR read by the host. Bits 0-3 are reset to logic 0 when the host 
reads the MSR or upon reset. Whenever bits 0, 1, 2, or 3 are set to a logic 1, a Modem Status Interrupt is 
generated. 


Bit 0: Delta Clear to Send (DCTS). This bit is set to a logic 1 when the CTS bit has changed since the MSR 
was last read by the host. 


Bit 1: Delta Data Set Ready (DDSR). This bit is set to a logic 1 when the DSR bit has changed since the 
MSR was last read by the host. 


Bit 2: Trailing Edge of Ring Indicator (TERI). This bit is set to a logic 1 when the RI bit changes from a 1 to 
a 0 state since the MSR was last read by the host. 


Bit 3: Delta Data Carrier Detect (DDCD). This bit is set to a logic 1 when the DCD bit changes state since 
the MSR was last read by the host. 


Bit 4: Clear to Send (CTS). This bit indicates the logic state of the CTS output. If Loopback is selected 
(MCR4 = 1), this bit reflects the state of RTS in the MCR (MCR1). 


Bit 5: Data Set Ready (DSR). This bit indicates the logic state of the DSR output. If Loopback is selected 
(MCR4 = 1), this bit reflects the state of DTR in the MCR (MCRO). 


Bit 6. Ring Indicator (RI). This bit indicates the logic state of the RI output. If Loopback is selected (MCR4 = 
1), this bit reflects the state of OUT in the MCR (MCR2). 


rr rr 
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Bit 7. Data Carrler Detect (DCD). This bit indicates the logic state of the DCD output. If Loopback is selected 
(MCR4 = 1), this bit reflects the state of OUT2 in the MCR (MCR3). 


3.14.12. Divisor Latch Registers 


The Divisor Latch LSB (least significant byte) and Divisor Latch MSB (most significant byte) are two read-write 
registers. HCR bit 4 is set automatically whenever the host writes to either divisor latch byte, thus providing a flag 
to the CPU that the Divisor Latch has been updated. User-provided software must read and interpret the Divisor 
Latch contents. 


All bits in both registers can be read or written to by either the host or the CPU. This register is not initialized by 
device reset. 

3.14.13. Scratch Register 

All Scratch Register bits can be read or written to by either the host or the CPU. There are no flag bits associated 
with this register. This register is not initialized by device reset. 

3.14.14. FIFO Control Register (FCR) 


The host can write all bits but cannot read this register. The CPU can read all bits but cannot write to this register. 
Bits 1, 2, 4 and 5 read high to the CPU. 


The typical use of these bits in a 16450/16550A interface application is: 


Bit 0: FIFO Enable. 16450 mode is selected and all bits are cleared in both FIFOs when FCRO is cleared. 
FIFO mode (16550A mode) is selected and both FIFOs are enabled when FCRO is set. 


Bit 1: RX FIFO Reset. All bytes in the RX FIFO are cleared when FCA1 is set. This bit is cleared 
automatically by the CPU. 


Bit 2: TX FIFO Reset. All bytes in the TX FIFO are cleared when FCR2 is set. This bit is cleared 
automatically by the CPU. 


Bit 3: DMA Mode Select. FCR3 selects the DMA operation (FCR3 = 1) or non-DMA operation (FCR3 = 0) 
when FIFO mode is selected (FCRO = 1). The non-DMA mode is selected when 16450 mode is 
selected (FCRO = 0). 


DMA operation In FIFO mode. RXRDY will be asserted when the number of characters in the 
RX FIFO exceeds the value in the RX FIFO Trigger Level (FCR6-7) or the RXTO time-out has 
occurred. RXRDY will go inactive when there are no more characters in the RX FIFO. 


TXRDY will be asserted when there one or more unfilled locations in the TX FIFO. TXRDY will go 
inactive when the TX FIFO is completely full. 


Non-DMA operation In FIFO mode. RXRDY will be asserted when there is one or more 
characters in the RX FIFO. RXRDY will go inactive when there are no more characters in the RX 
FIFO. 


TXRDY will be asserted when there no characters in the TX FIFO. TXRDY will go inactive when 
the first character is located into the TX FIFO Buffer. 


Bits 4-5: Not used. 
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Bits 6-7: Receiver FIFO Trigger Level. FCR7 and FCRE6 set the trigger level for the RX FIFO interrupt. 


FCR7 FCR6 RX FIFO Trigger Level (Bytes) 
0 0 01 
0 1 04 
1 0 08 
1 1 14 


3.14.15. FIFO Interrupt Enable Register (FIER) 


The CPU can read and write all bits. The host cannot access this register. The FIER is cleared by device reset. 
Bit 0: RCHE Interrupt Enable. This bit is set and cleared by a CPU write to the FIER. 
Bit 1: RCEMT Interrupt Enable. This bit is set and cleared by a CPU write to the FIER. 


Bit 2: RX FIFO Reset. This bit is set and cleared by a CPU write to the FIER. When set, FIER2 clears the 
RXPTR pointer, the RUPTR pointer and the RX time-out counter. FIER2 automatically resets itself to 
zero. 


Bit 3: TX FIFO Reset. This bit is set and cleared by a CPU write to the FIER. When set, FIER3 clears the 
TXPTR pointer, the TUPTR pointer and the TX time-out counter. FIER3 automatically resets itself to 
zero. 


Bit 4: RUCLK Off. When FIER4 is set, IWRX rather than RUCLK is used to increment RUPTR (see Figure 3- 
21). As a result, when set, the RXPTR and RUPTR become locked together. In the GP Mode only, 
setting FIER4 causes both the TXPTR and TUPTR to be decremented by a CPU FIFO read. Asa 
result, the TXPTR and TUPTR are also locked together. This bit is set and cleared by a CPU write to 
the FIER. 


Bit 5: UART Timing Select. When FIERS is set, RUCLK and TUCLK timing is derived from PTGB. When 
XFS5 is reset RUCLK and TUCLK timing is derived from TIMA (see Figure 3-20) This bit is set and 
cleared by a CPU write to the FIER. 


Bit 6: TCDA Interrupt Enable. This bit is set and cleared by a CPU write to the FIER. When this bit is a 1 and 
TCDA (FSR86) is also a 1, IRQ3 is asserted. 


Bit 7: TCHF Interrupt Enable. This bit is set and cleared by a CPU write to the FIER. When this bit is a 1 and 
TCHF (FSR7) is a 1, IRQ3 is asserted. 


3.14.16. FIFO Status Register (FSR) 


The CPU can read all bits but can only write to bits 2 through 5. The host cannot access this register. Except for 
bit O which initializes high, all bits are initialized to zero by device reset. Bits 2 - 4 are inputs to the error field of the 
RX FIFO. 


Bit 0: RX FIFO Half Empty Flag (RCHE). This bit is set and cleared by hardware. It provides RX FIFO status 
to the CPU. RCHE is set whenever the RX FIFO contains between 0 and 7 unread bytes of data. If 
FIERO and FSRO are both set, IRQ3 is asserted. 


Bit 1: RX FIFO Empty Flag (RCEMT). This bit is set and cleared by hardware. It provides RX FIFO status to 
the C39 CPU. RCEMT is set whenever the RX FIFO is empty. If FIER1 and FSR1 are both set, IRQ3 
is asserted. 


Bit 2: Receiver Parlty Error (PE). This bit is set and cleared by a CPU write to the FSR. 
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Bit 3: 


Bit 4: 


Bit 5: 


Bit 6: 


Bit 7: 


3.14.17. 


Recelver Framing Error (FE). This bit is set and cleared by a CPU write to the FSR. 
Receiver Break Interrupt (BI). This bit is set and cleared by a CPU write to the FSR. 


DR Freeze (DRF). Freeze halts the assertion of DR by RUPTR logic. Freeze is only used in the 16450 
mode. If DR is asserted while Freeze is true, DR is cleared by a host read of the RX FIFO Buffer. This 
bit is set and cleared by a CPU write to the FSR. 


TX FIFO Data Available Flag (TCDA). This bit is set and cleared by hardware. It provides TX FIFO 
status to the CPU. It is true whenever the TX FIFO contains between 1 and 16 unread bytes of data. If 
FIER6 and FSR6 are both set, IRQ3 is asserted. 


TX FIFO Half Full Flag (TCHF). This bit is set and cleared by hardware. It provides TX FIFO status to 
the CPU. It is true whenever the TX FIFO contains between 8 and 16 unread bytes of data. If FIER7 
and FSR7 are both set, IRQ3 is asserted. 


GP FIFO Status Register (GPFS) 


All bits can be read by either the host or the CPU (see Table 3-27). The host cannot access this register in either 
the 16450 or 16550A mode. The host can write to bits 2, 3, 4 and 7 only. Device reset initializes bits 0-4 and bit 7 
to 0 and initializes bits 5 and 6 to 1. 


Bit 0: 


Bit 1: 


Bit 2: 


Bit 3 - 4: 


Bit 5: 
Bit 6: 


Bit 7: 


RX FIFO Data Available. When operating in the GP FIFO mode, GPFSO = 1 indicates the not empty 
status of RUPTR. When operating in the 16450 or 16550 mode, GPFSO = 1 indicates that the RX FIFO 
is full. 


RX FIFO Trigger Level Flag. GPFS1 = 1 indicates that the RUPTR has reached or exceeds the trigger 
level specified by RTLO and RTL1. 


RX FIFO Trigger Level Interrupt Enable. GPFS2 = 1 enables an HINT interrupt to be automatically 
generated whenever GPFS1 is set. 


RUPTR Trigger Level (RTLO and RTL1). GPFS3 and GPFS4 set the trigger level for the RX FIFO 
interrupt. : 


GPFS4 GPFS3 RUPTR Trigger Level (Bytes) 
0 0 01 
0 1 04 
1 0 08 
1 1 14 


Tx FIFO Half Empty. GPFSS5 is a 1 when there are 0 to 7 data bytes in the TX FIFO. 
Tx FIFO Empty Flag. GPFS6 is a 1 when there are no data bytes in the TXFIFO. 


Tx FIFO Empty Interrupt Enable. GPFS7 = 1 enables an HINT interrupt to be automatically generated 
whenever GPRS6 is a 1. 
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3.14.18. Host Handshake Register (HHR) 


The Host Handshake Register (HHR) supports a defined handshake protocol between the host and the CPU 
(Table 3-27). All bits can be read by either the host or the CPU. The host cannot access this register in 16450 or 
16550A mode. Bits 0-3 are interrupt enable bits and bits 4-7 are interrupt flag bits. All bits are cleared by device 
reset. 


Bit 0: Host Attention Flag 2 Interrupt Enable (HE2). This bit, when set to a 1, enables HINT output to be 
asserted when the Host Attention Flag 2 (HHR4) is set. When this bit is reset to a 0, HINT will not be 
asserted based on HHR4. This bit can be written only by the host. 


Bit 1: Host Attention Flag 1 Interrupt Enable (HE1). This bit, when set to a 1, enables HINT output to be 
asserted when the Host Attention Flag 1 (HHRS5) is set. When this bit is reset to a 0, HINT will not be 
asserted based on HHR8. This bit can be written only by the host. 


Bit 2: Controller Attention Flag 2 Interrupt Enable (CE2). This bit, when set to a 1, enables IRQ3 to be 
asserted when the CPU Attention Flag 2 (HHR6) is set. When this bit is reset to a 0, IRQ3 will not be 
asserted based on HHRE6. This bit can be written only by the CPU. 


Bit 3: Controller Attention Flag 1 Interrupt Enable (CE1). This bit, when set to a 1, enables IRQ3 to be 
asserted when the CPU Attention Flag 1 (HHR7) is set. When this bit is reset to a 0, IRQ3 will not be 
asserted based on HHR’7. This bit can be written only by the CPU. 


Bit 4: Host Attention Flag 2 (HF2). This is an attention bit from the CPU to the host. This bit can be set only 
by the CPU writing a 0 and can be cleared only by the host writing a 0 . HF2 is not affected by the CPU 
writing a 1 or the host writing a 1. 


Bit 5: Host Attention Flag 1. (HF1) This is an attention bit from the CPU to the host. This bit can be set only 
by the CPU writing a 0 and can be cleared only by the host writing a 0. HF1 is not affected by the CPU 
writing a 1 or the host writing a 1. 


Bit 6: Controller Attention Flag 2 (CF2). This is an attention bit from the host to the CPU. This bit can be set 
only by the host writing a 1 and can be cleared only by the CPU writing a 0. CF2 is not affected by the 
host writing a 0 or the CPU writing a 1. 


Bit 7: Controller Attention Flag 1 (CF1). This is an attention bit from the host to the CPU. This bit can be set 


only by the host writing a 1 and can be cleared only by the CPU writing a 0. CF1 is not affected by the 
host writing a 0 or the CPU writing a 1. 
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3.15. EXPANSION BUS 


The expansion bus extends internal address, data and control bus lines outside the MCU. This allows the MCU to 
operate as a microprocessor by interfacing with external memory and/or other peripheral devices. The expansion 
bus waveforms and timing are described in Section 5. 


3.16. LOW POWER OPERATION 


3.16.1. Low Power Reglster (LPR) 


The Low Power Register (LPR), located at $0009, controls the low power mode (LPM) enable, mode selection, 
and wake-up condition enables (Table 3-29). All bits are cleared to logic O upon reset. All bits can be written and 
read. However, neither bit 6 nor 7 can be read in the logic 1 state since the CPU will be in the Sleep or Stop 
mode. Figure 3-22 illustrates the MCU low power mode logic and timing. 


Wake up 


Power Enable 
Mode PD4 (Wrt) 
Enable PDS5 (CS) 


Bits 0: Not Used. 


Bits 1: Wake-Up Enable for PD5 (AL) (C39 Only). This bit, when set to a logic 1, enables the C39 to wake up 
from low power mode when a low is detected on PDS. 


Bit 2: Wake-Up Enable for PD4 (DTR) (C39 Only). This bit, when set to a logic 1, enables the C39 to wake 
up from low power mode when a low is detected on PD4. 


Bit 3: Wake-Up Enabie for PA2 (USART Start Bit) . This bit, when set to a logic 1, enables the C39 to wake 
up from low power mode when a low is detected on PA2. 


Bit 4: Wake-Up Enable for PD4 and PD5 (Host Bus Write). This bit, when set to a logic 1, enables the C39 
to wake up from low power mode when a low is detected on both PD4 and PD5. 


Bit 5: Wake Up Enable for PAO (Ring) . This bit, when set to a logic 1, enables the C39 to wake up from low 
power mode when a low is detected on PAO. 


Bit 6: Low Power Mode Select. This bit selects the low power mode to be entered when low power 
conditions exist and low power mode is enabled by LPR7 (1 = Stop; 0 = Sleep). This bit applies to C39 
only; C29 allows enters sleep mode. 


Bit 7: Low Power Mode Enable. This bit enables or disables the low power mode selected by LPR6 to be 
entered when flow power conditions exist (1 = LPM enabled; 0 = LPM disabled). 
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Figure 3-22. Low Power Mode Logic and Timing 
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3.17. TEST MODE 
The Test mode is selected by applying a low voltage to the TSTP pin. 


In the Test mode, the internal ROM is deactivated and the expansion bus activated when ROM addresses are 
selected. Reads from addresses $000C-$000F are mapped to the expansion port for growth application. 


Internal reads from Page 0, 1 and 2 are mapped externally on the expansion bus whenever the TSTP pin is 
active. This provides for monitoring of internal read operations. 


3.18. MASK OPTIONS 


3.18.1. Selectable Options 


The mask options are selectable upon production part order. 


3.18.2. Mask Option Register (MOR) 
The Mask Option Register (MOR) at location $0008 reports the selected mask options (Table 3-30). 


coos [ Weck Opin Reuser WSR) [ Onin? [ Onioat [Reeve 


Bit 0-5: Reserved. 
Bit 6: Bond Option 1. Product specific. 


Bit 7: Bond Option 2. Product specific. 
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4.1 


4.1.1. Maximum Ratings 


Operating Temperature Range 
Commercial 
Extended 


4.1.2. Handling CMOS Devices 


a. The device contains circuitry to protect the inputs against damage due to high static voltages. However, it is 
advised that normal precautions be taken to avoid application of any voltage higher than maximum rated 


voltage. 


b. An unterminated input can acquire unpredictable voltages through coupling with stray capacitances and 
internal crosstalk. Both power dissipation and device noise immunity degrades. Therefore, all inputs should 


Parameter symbol mts Unite | 
Input Voltage 


MAXIMUM RATINGS AND HANDLING 


-0.5 to VDD + 0.5 


-0 to + 70 


-40 to + 85 


leo 


-0.5 to VDD + 05 


be connected to an appropriate supply voltage. 


c. Input signals should never exceed the voltage range from 0.5V or more negative than GND to 0.5V or more 
positive than Vpp, This prevents forward biasing the input protection diodes and possibly causing a latch up 


mode due to high current transients. 
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4.2 ELECTRICAL CHARACTERISTICS 
Vopp = 5V +5%, TA = -40°C to +85°C) 


a ee 


Input High Voltage 
TTL 2.0 VDD + 0.3 
0.7 VDD VDD + 0.3 
TTL Vv 
RESP, NMI, TSTP Vv 


RESP, NMIP, TSTP 
Output Low Voltage Noad= -1.6mA 
3-state Output Hi-Z Current Vin = 0 V to Vpp 


Input Leakage Current Vin = 0 V to Vpp 
Leal 
Input Leakage Current Vin = 0 V to Vpp 
ed 


Input Leakage Current Vin = 0 V to Vop 
NMIP, TSTP, MK6 and MK7 inputs 
only 
Pp 
Pi 
i 
Ps 


Input Low Voltage 


es a 
a a (ae 
[Vt 
a ea eae 
ie ae 


Power Dissipation 


Operating 
Sleep Mode (C29) 


Sleep Mode (C39) 


Stop Mode (C39) 
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5.1 


TEST CONDITIONS 


The following conditions apply for all timing descriptions: 


1. 


2. 


3. 


4. 


5. 


5.2 


Ta = -40°C to +85°C. 

VDD = 5V + 5%. 

Output loads = 50 pF + one TTL load. 

Data bus, address bus, chip selects, RDP, and WTP input loads = 70 pF + one TTL load. 


All times in nanoseconds except where noted. 


OSCILLATOR TIMING 


The MCU internal oscillator is designed to operate with an external crystal and external capacitors Coyt and Cin. 
Be aware that at these frequencies component placement, lead lengths and grounding are critical and that 
component fine tuning may be required for each new circuit layout. 
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5.3 GENERAL I/O TIMING PORTS A, B, C, D 


Figure 5-1 shows how port pins are read by the CPU. Table 5-1 lists the port timing. The received data is 
synchronized by the C2 internal clock and then held by the C1 clock. The CPU reads the sampled data that is 
being held by the C1 clock. Timing for pins configured in the output mode is also shown in Figure 5-1. The CPU 
transfers data to the port latch at C2 time. This data is transferred to the output pin by the C1 clock. 


Table 5-1. Port A, B, C, D, and E Port Read/Write Timing 


a 
inpabaasawtne «dts | | Cd 
Inpabaatioatine fw fs |_|» | 
[oapudambeeyTme | | i 


Internal VISAS Internal 
C2 Clock C2 Clock 
| tere 


Internal Internal 
READ >> WRITE 
t 


PRS | 


Signal Signal 


* = Sampled Data 


MCU Read MCU Write 


Figure 5-1. Port A, B, C, D, and E Read/Write Waveforms 


——aoenaeaoneaooooaaeaa SP 
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5.4 HOST BUS INTERFACE 


The Host Bus read timing is listed in Table 5-2 and is shown in Figure 5-2. The Host Bus write timing is listed in 
Table 5-3 and is shown in Figure 5-3. Host Bus interrupt timing is described in Table 5-4 and Figure 5-4. 


Table 5-2. Host Bus Read Timing 


a 
Parameter Symbol 


a 

anon ip ss f= | - |» | - |» 
fsvenston sf tw f° | - | _* | - |= 
fowpsaeaseun | tes J * [| - |» | - | = _| 
[owpsaecroa | tcf 9 | - | | - | = 
fReasPucewan | two J *® | -_| * | - [= 
[wnoPiobaadeey | too |_| @ | - | * | = _| 
[HmoPiebaaos | tom {| - | | - | =| 
Hoseme | tos | | = _| =f 
frosrea fon | = | | a 


HAO-HA4 


HCSP 


HRDP 


HDO-HD7 


* When the Host executes consecutive Rx FIFO reads, a minimum delay of 3 times the internal MCU clock 
cycle time (300 ns at 10 MHz) is required from the rising edge of HRDP to the falling edge of the next 
Host Rx FIFO HRDP clock. 


** Following a Host LSR or MSR read, a minimum delay of 2 times the internal C39 clock cycle time (200 ns 
at 10 MHz) is required from the rising edge of HRDP to the falling edge of the next selected Host HWTP 
or HRDP clock. 


*** Following any other Host read, a minimum delay of 50 ns is required from the rising edge of HRDP to the 
falling edge of the next selected Host HWTP or HRDP clock. 


Figure 5-2. Host Bus Read Waveforms 
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Table 5-3. Host Bus Write Timing 


eee ee 


Parameter 
Address Setup 
Address Hold 
Chip Select Setup 
Chip Select Hold 
Write Pulse Width 
Write Data Setup 
Write Data Hold 


hate fe 

| tas 

HAO-HA4 

a CS 


HDO-HD7 


Following any Host write, a minimum delay of 2 times the internal MCU clock cycle time (200 ns at 10 
MHz) is required from the rising edge of HWTP to the falling edge of the next selected Host HWTP or 
HRDP clock. 


Figure 5-3. Host Bus Write Waveforms 


C/29C39 TECHNICAL REFERENCE MANUAL 5-4 


SECTION 5 - TIMING CHARACTERISTICS 


Table 5-4. Host Bus HINT Timing 


a 


Internal 


tint 3] 


Figure 5-4. Host Bus HINT Waveforms 


a re 
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5.5 EXPANSION BUS TIMING 


The Expansion Bus read timing is listed in Table 5-5 and is shown in Figure 5-5. The Expansion Bus write timing 
is listed in Table 5-6 and is shown in Figure 5-6. 


Table 5-5. Expansion Bus Read Timing 


forrensovie | sf dT 
foriessves | dT 
[vorwnorremewan fe 
[voremecenvea | sf 
rorieresoanion | wm = | |= 


Figure 5-5. Expansion Bus Read Waveforms 


rr i 
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Table 5-6. Expansion Bus Write Timing 


Ce 
Cn 
Sa 
[wpewmowvee [we ff =f 
harrewicomvee > wm [ef it 


Figure 5-6. Expansion Bus Write Waveforms 
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5.6 RESP, NMIP, and TSTP ASYNCHRONOUS INPUTS 


The timing for the RESP, NMIP, and TSTP asynchronous inputs is shown in Figure 5-7 and is listed in Table 5-7. 
These inputs can have only one transition during each C2 period. The XTLI and RESP timing during MCU power 
turn-on is shown in Figure 5-8. 


Figure 5-7. RESP, NMIP, and TSTP Input Waveforms 


Table 5-7. Power On RESP, NMIP, and TSTP Timing 


Signal Signal 
Term Name Active State Active State Remarks 


*During power up, a minimum of 10 teyc must occur after the crystal oscillator has stabilized. 


ic Cycles —| 


Figure 5-8. Power On RESP Timing 
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